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The interest in the problem of dental root surface caries is increasing. Root 
surface caries can be defined as a carious lesion, either totally confined to the 
root surface or affecting the root surface and the enamel at the cemenlo-ena-
mel junction, but clinically indicating that the lesion initialed on the root surfa-
ce. For conducting epidemiologic studies, visual-tactile criteria are described to 
diagnose root surface caries (Katz, 1984,1986). 
For many decades coronal caries has directly been responsible for the loss of 
teeth during childhood and adolescence. Except for a minority of patients, co-
ronal caries can now be controlled by preventive and restorative measures. For 
high caries risk patients special preventive regimes have been developed (Zic-
kert et ai, 1982; Schaeken et ai, 1986). 
Despite the increasing interest there still is a lack of knowledge concerning ma-
ny aspects of root surface caries. However, there is no doubt, that the preven-
tion of coronal caries will result in preservation of high numbers of teeth in the 
elderly. Moreover, the pattern of dental treatment has changed and more atten-
tion is paid to the preservation of the natural dentition, avoiding extractions. 
Also the significance of periodontal treatment is more and more recognized. 
There is an increased need for periodontal treatment in the later decades of life 
(Holm-Pedersen, 1986). Another factor of interest is, that the share of elderly 
in the population is growing (Statistisch Zakboek, 1986). 
All these factors are responsible for an increasing number of exposed root sur-
faces, either by gradual exposure during life or by periodontal treatment. 
1.2 EPIDEMIOLOGY 
In contrast to coronal caries, the epidemiology of root surface caries has not 
extensively been studied, yet. Panels to study root surface caries are only avai-
lable to a limited extent. 
Studies of skulls of ancient British populations revealed, that in former ages 
root surface caries was a common disease (Moore and Corbett, 1971, 1973; 
Lunt, 1974). Also present day primitive communities, such as aborigines of In-
dia and of Papua New Guinea, still show a predominance of root surface caries 
(Mehta and Shroff, 1965; Schamschula et al, 1974). 
Root surface caries of these people was frequently located at the cemento-ena-
mel junction and associated with periodontal disease. In these studies, enamel 
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Table 1. Prevalence of root surface caries in contemporary populations. 
study 
Banting et al, 1980 
Ravald and Hamp, 1981 
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Beck et al, 1985 
Forgay et al, 1986 
Kitamura et al, 1986 
periodontal patients (153) 17-73 51 
non-institutionalized cl- > 6 5 63 
derly (520) 
participants dental health 70.7 42.5 
promotion project in Win- (mean) 
nipeg(141) 
elderly (47) 80 87 
(mean) 
The figures in parentheses represent the examined numbers of individuals. 
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caries of the permanent dentition was relatively uncommon, probably as a re-
sult of a low intake of sugar. 
The occurence of root surface caries in modern society has been studied in di-
verse populations. Due to a lack in uniformity in the methods used, data from 
different studies are often not directly comparable. In some studies the propor-
tion of individuals in a population with at least one root caries lesion or filling 
was reported. Recent data of this kind are summarized in table 1. As shown, 
the prevalence rates of root caries, defined in this way, were generally found to 
increase with age. 
Other investigators reported the mean number of root surface lesions per per-
son. The studies of Baum (1981) and Katz et al. (1982) indicated that the num-
ber of teeth affected by root caries increased with advancing age. 
Vehkalahti et al. (1983) related the number of root surface lesions to the total 
number of teeth. Of persons between 30 and 39 years, 0.8% of the teeth was 
affected. This percentage increased to 5.6% of persons over 70 years. 
Criticism can be raised against expressing root caries as the percentage of teeth 
or individuals with lesions or fillings. Reporting in this way does not take into 
account, that only teeth with gingival recession and root exposure arc at risk 
for root surface caries. Therefore, for epidemiologic studies the preferable unit 
of observation is the exposed root surface. For that reason, the Root Caries In-
dex (RCI) was developed by Katz (1980). The index is defined as the total 
Table 2. Prevalence of root caries expressed in Root Caries Index according to 
age groups. 
study age Root Caries Index 























number of carious and filled root surfaces divided by the total number of expo­
sed root surfaces, multiplied by 100. This index can be used to express the sus­
ceptibility for root caries of the different surfaces, teeth or patients. Up to now, 
the index has only been used in few studies. 
The results of Katz et α/.(1982) and Wagg (1984) are shown in table 2. 
Despite the use of the same index in these studies, there are marked differences 
between the results: in the investigation of Katz et al. (1982), a gradual incre­
ment of root caries up to the age of 60 is reported, while the results of Wagg 
show, that the highest RCI is in the age group between 30-39 years. 
These discrepancies could be the consequence of a disparity between the inves­
tigated populations in several dental characteristics, such as oral habits and 
preventive measures applied, the level of dental care' and the distribution of the 
remaining teeth. Moreover, the distribution and exposure time of the root sur­
faces could influence the RCI, because the susceptibility for root surface caries 
of the diverse surfaces and teeth is different (Katz et al, 1982). To some ex­
tent, differences in criteria and techniques for the identification of root surface 
caries could be responsible for the discrepancies. 
1.3 MICROBIAL ETIOLOGY 
Just a few studies dealing with the microbiology of root surface caries in man 
or animals are available. 
A relationship between root surface caries and specific bacteria was suggested 
by Keyes and Jordan (1964). They stated that filamentous bacteria apparently 
invaded the root surfaces of hamsters and produced root surface caries. 
By using experimental animals, different types of bacteria have been tested for 
their ability to induce root surface caries, especially in combination with a ca-
riogenic diet. 
Special attention has been paid to Actinomyces species. Human isolates of A. 
naeslundii and A. viscosus caused periodontal disease and root surface caries in 
gnotobiotic rats and in hamsters (Socransky et al, 1970; Jordan et al, 1972). A 
publication by Behbehani et al (1983) showed, that implantation of strains of 
A. israelii in gnotobiotic rats resulted in extensive plaque formation and root 
surface caries. This was in contrast to an earlier study by Crawford et al 
(1977), in which pure cultures of A. israelii failed to cause dental diseases in 
rats. In the last mentioned study, pure cultures of A. naeslundii, A. viscosus, 
Streptococcus mutans, Bacillus cereus and Streptococcus sanguis were found to 
induce root surface caries. 
Earlier, Gibbons et al (1966) mentioned the development of root caries by so­
me streptococci isolated from human carious lesions. 
Scandrett et al (1986) showed that different streptococcal species produced 
root surface lesions in an in vitro model. S. mutans produced the greatest depth 
of the lesion, followed by S. sanguis, S. milleri and 5. mitis. 
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Studies, testing the cariogenicity of lactobacilli in gnotobiotic rats, revealed ena-
mel caries but no root surface caries (Rosen et al., 1968; Fitzgerald et ai, 
1981). 
With regard to the microbial etiology in man, only a few data are available. Be-
cause animal experiments suggested a relationship between root surface caries 
and Actinomyces, studies were primarily focused on the presence of these orga-
nisms in plaque from root surface lesions. Jordan and Hammond (1972) sam-
pled root surface lesions of extracted human teeth and analyzed them for the 
presence of filamentous bacteria. Strains of Rothia dentocariosa, A. viscosus, A. 
naeslundii, A. odontolyticus and A. eriksonii were identified. Gnotobiotic rats, 
monoinfected with isolates of A. viscosus and A. naeslundii, which were obtai-
ned from these teeth, developed severe periodontal infections and root surface 
caries. 
In a later study Sumney and Jordan (1974) isolated a variety of bacterial forms 
in human plaque samples from root surface lesions of extracted teeth. S. mu-
tans was a predominant organism, but filamentous bacteria of the genus Actino-
myces and other streptococci were also isolated. In the advancing front area of 
the lesion bacteria of the genus Arthrobacter were identified, suggesting the 
possibility that these organisms were involved in the production of the lesion. 
Plaque samples, obtained from buccal root surface lesions, were analyzed by 
Syed et al. (1975). The samples could be divided into two groups on the basis 
of the presence or absence of S. mutans. In one group S. mutans comprised 
30% of the total cultivable flora, whereas 5. sanguis was rarely found. In the 
other group, S. mutans was not detected and 5. sanguis formed 48% of the total 
plaque flora. In both groups, A. viscosus was a dominant microorganism in all 
samples. 
Hill et al. (1977) examined the cultivable flora in plaque samples from active 
root caries lesions in New Guinea natives. Streptococci were the predominating 
organisms. Actinomycetes and related genera accounted for most of the remai-
ning flora. 
Bryan et al. (1985) examined the distribution of Actinomyces spp in plaque 
from carious and noncarious root surfaces. No significant differences between 
these surfaces were noticed and they concluded that other factors than Actino-
myces spp in dental plaque are important in the etiology of human root surface 
caries. 
In 44 subjects with a high prevalence of root surface caries Ellen et al. (1980) 
sampled 150 sound root surfaces to determine, in a prospective investigation, 
the microflora associated with root surface caries. The average of total strepto-
coccal counts was less than 5%. S. mutans was isolated in more than 60% of 
the samples, but generally in low numbers. In the follow-up of their study, El-
len et al. (1985) isolated S. mutans and lactobacilli more frequently from root 
surfaces, which became carious later on, than from surfaces remaining caries-
free. 
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Brown et al. (1986) compared the presence of potentially cariogenic microor-
ganisms on carious and noncarious root and enamel surfaces. On all these sur-
faces streptococci made up the largest proportion of the total cultivable micro-
flora. S. mutans levels varied between 18% at the noncarious enamel and root 
surfaces to approximately 24% at both the enamel and root lesions. The pro-
portion of Actinomyces ranged from 12.3% at the root lesion to 23.6% at the 
noncarious root site, while A. viscosus varied from 7.8% at the root lesion to 
15.1 % at the noncarious root site. 
In another study the incidence of S. mutans, lactobacilli and Actinomyces was 
examined in root surface dental plaque in subjects with or without root surface 
caries (Fure et al, 1987). Proportions of S. mutans and lactobacilli in plaque 
samples, obtained from subjects suffering from root caries, were significantly 
higher than in samples from the group without caries. For A. viscosus/naeslun-
dii no significant differences were found. 
Billings et al. (1985) compared the bacterial composition of plaque samples 
from carious and sound surfaces taken from the same subjects. They found, 
that 5. mutans occurred in a higher proportion on the carious root surfaces 
compared to the sound surfaces. Furthermore they found, that preventive treat-
ment of the carious surfaces resulted in a drop of S. mutans levels, while A. vis-
cosus increased at these surfaces during treatment. 
1.4 PREVENTION 
Root surface caries seems to occur only after the root becomes exposed to the 
oral environment. This means that the prevention of root caries should focus 
primarily on the prevention of premature recession of periodontal tissue. 
Once root exposure has occurred, caries prevention must follow the same stra-
tegy as applied for enamel caries. To this purpose, a combination of measures, 
including oral hygiene, a limited intake of sucrose and administration of fluori-
de, can be used. 
The relationship between diet and root surface caries has earlier been sugges-
ted by Dale et al. (1944), who reported that hamsters fed carbohydrate-contai-
ning diets, developed caries of crowns and root surfaces. Later on, Mitchell 
(1950) observed that in hamsters fed different diets periodontal disease and 
dental caries, including root surface caries, occurred in close association with 
each other. 
Studies in conventional or mono-infected rodents generally used a high sucrose 
diet to induce root caries (Keyes, 1959; Kelstrup and Gibbons, 1970; Gibbons 
and Banghart, 1968). A relationship between root caries and the total sugar 
content of foods in rats was demonstrated by DePalma et al. (1983). 
Studies of ancient skulls revealed, that root caries developed in man in absence 
of substantial coronal caries (Hardwick, 1960; Moore and Corbett, 1971, 
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1973). Probably this was due to the fact, that primitive diets contained less su-
crose than diets of modern man. Because root mineral was more soluble than 
enamel mineral and the critical pH for root caries appeared to be about 6.7 
(Hoppenbrouwers et al., 1987), root caries lesions could have developed, des-
pite the low sucrose content of the diets. Observations of Schamschula et al. 
(1974) on adults in Papua New Guinea confirmed earlier results, in which the 
prevalence of root caries exceeded coronal caries in subjects with low sucrose 
diets. Hix and O'Leary (1976) found, that in patients with periodontal disease, 
subjects who took fermentable carbohydrates more frequently showed a higher 
prevalence of root surface caries. 
Fluoride administration is known to inhibit coronal caries consistently. Thus, 
the effects of fluoride on the prevention of root caries have been investigated 
by several authors. 
Generally, the fluoride concentration in the outer layer of the root surface was 
found to increase with age and length of exposure to fluoride (Nakata et al., 
1972; Stepnick étal., 1975; Banting and Stamm, 1979). 
That fluoride could play a role in the prevention of root surface caries was 
confirmed in several laboratory, animal and epidemiologic studies. 
In an in vitro study Shannon et al. (1976) found, that the solubility of fluorida-
ted root surfaces, if exposed to acid, was reduced. Tveit and Halse (1982) de-
monstrated that root dentin, treated with a fluoride varnish was more acid re-
sistant than control surfaces or surfaces treated with a NaF solution. 
An in vitro study of Al-Joburi and Koulourides (1984) also showed, that diffe-
rent fluoride treatments increased the resistance of the root surface to acid. 
The caries inhibitory effects of fluoride on root surfaces were demonstrated in 
an animal study by Rotilie et al. (1977). To the drinking water of rats, receiving 
a high sucrose diet, sodium fluoride was added in concentrations of 4.5 and 45 
ppm F". As compared to a control group, fluoride at 4.5 ppm reduced root 
surface caries by 50% and at 45 ppm root surface caries was completely inhibi-
ted. 
Also the application of sodium fluoride containing dentifrice on molar teeth of 
rats twice daily, resulted in a reduction of root surface caries (Rosen et al., 
1985). 
Information on the effect of fluoride on root surface caries in man is limited. A 
comparison of root caries prevalence in adults in fluoridated and non-fluorida-
ted communities showed, that in the fluoridated community root caries preva-
lence was significantly lower (Stamm and Banting, 1980). Comparing an opti-
mally fluoridated and a high-fluoride community, Burt et al. (1986) found, that 
root caries experience was inversely related to the fluoride concentration in the 
drinking water. 
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Few clinical studies tested the effects of different fluoride regimes on root ca-
ries development. Nyvad and Fejerskov (1986) reported, that on buccal surfa-
ces operative treatment could be avoided to a great extent by a meticulous 
toothbrushing with a fluoride toothpaste and applications of a 2% solution of 
NaF. 
Johansen et al. (1987) found that a high proportion of root surface lesions 
could be arrested and remineralized by a preventive procedure consisting of 
oral hygiene, topical fluoride applications, remineralizing mouthwash and, for 
patients with xerostomia, stimulation of the salivary glands. 
The treatment effects of a daily, self-applied 1% sodium fluoride gel in combi-
nation with smoothing of shallow caries were demonstrated by Billings et al. 
(1985). Lesions treated in this way were clinically sound after 2 years. Also 
most of the incipient lesions arrested only by daily fluoride applications. 
In a similar study by Al-Joburi et al. (1982) root surface lesions were excava-
ted, recontoured and treated three times with iodine-fluoride. Moreover, a 
0.2% sodium fluoride mouthrinse was daily used by the patients.5. mutans le-
vels in plaque samples from root surface lesions reduced during treatment. 
1.5 OBJECTIVES OF THE PRESENT STUDY 
The review of the literature revealed, that data with regard to epidemiology of 
root surface caries and related factors are scarce. Moreover, different types of 
bacteria may be associated with root surface caries, but the question remains 
unanswered which is the most important pathogen. Moreover, possibilities of 
preventing the development of root surface caries were to be investigated. 
The objectives of the present investigation can be summarized as follows: 
- to study the occurrence of root surface caries and related factors in patients 
treated by periodontal surgery; 
- to identify bacterial species related to root surface caries; 
- to study the effects of preventive measures on root surface caries (using 
fluoride and antimicrobial agents), based on microbiological and clinical cri-
teria. 
The occurrence of root surface caries was studied in patients of the Depart-
ment of Periodontology of the University of Nijmegen (Chapter II). From the 
same patients, plaque was collected from sound and carious root surfaces and 
analyzed for the presence of a number of bacterial species, that had earlier 
been associated with root surface caries (Chapter III). This study revealed, that 
S. mutans had increased on carious root surfaces, which suggested a role in the 
initiation of the disease. Consequently, attempts were made to develop methods 
for long-lasting suppression of S. mutans in the mouth. 
In a first approach a vamish was developed for sustained release of chlorhexi-
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dine to tooth surfaces. The effect of varnishes, containing fluoride and Chlorhe­
xidine, on the oral microflora was tested in a group of volunteers. The use of a 
varnish containing anti-microbial agents has recently been reported (Balanyk et 
al., 1983; Balanyk and Sandham, 1985). The varnish proved to be promising 
for controlling S. mutans (Sandham et αϊ, 1985). 
In order to estimate the clinical effectiveness, the varnishes were subsequently 
used in patients with recent experience of root surface caries (Chapter IV). 
A subsequent study was aimed at preventing the development of root caries of 
the abutment teeth of patients with overdentures. To this end, gels containing 
fluoride and Chlorhexidine were used. Daily the gels were applied by the pa­
tients and their effects on the microflora of the abutment teeth were determi­
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CHAPTER II 
Epidemiology of root surface caries 
in patients treated for periodontal disease* 
H.M.A.M. Keltjcns, M.J.M. Schaekcn, J.S. van der Hoeven, J.C.M. Hendriks 
ABSTRACT 
The prevalence of root surface caries was estimated in 83 patients surgically 
treated for periodontal disease and some relating factors were analyzed. 
The overall root caries index (RCI) according to Katz was 6.28%. Anterior 
teeth in the lower jaw were significantly less affected than other types of teeth. 
Root surfaces, divided into subgroups according to surgical treatment and 
length of exposure, showed no significant differences in RCI. No correlation 
was found between DFS-index and RCI. RCI increased with age. Concomitant-
ly, in older people more time had elapsed between the periodontal treatment 
and the present clinical examination. 
Salivary S. mutans counts and a combination of higher salivary 5. mutans and 
lactobacilli counts were good indicators for the presence of root surface caries. 
II.l INTRODUCTION 
The prevalence of root surface caries in different populations is still not well 
documented. 
Root surface caries develops almost exclusively after root surfaces become ex-
posed to the oral environment (Banting and Courtright, 1975; Katz, 1980). Ex-
posure of root surfaces increases with age and as a consequence of periodontal 
disease and periodontal treatment, in particular surgery. The risk of root caries 
on exposed surfaces further increases by treatments such as root scaling and 
root planing (Al-Joburi and Koulourides, 1984). 
A relationship between periodontal disease and root surface caries was sugges-
ted by the occurrence of root surface lesions in 50% of a population of pa-
tients, who had received treatment for moderate to severe periodontitis or who 
had received no periodontal treatment (Hix and O'Leary, 1976). In the above 
investigation it appeared that in untreated periodontal patients the number of 
*Accepted for publication in Community Dentistry and Oral Epidemiology. 
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lesions was found twice as high as in the treated patients, possibly due to less 
dental care in the untreated group. Ravald and Hamp (1981) showed, that after 
advanced periodontal treatment, including periodontal surgery, approximately 
two-thirds of the patients developed root surface caries during a ^years' obser-
vation period, despite an individual maintenance care at 3- to 6-months' inter-
vals. Examination after 8 years again showed an increment of root surface ca-
ries in these patients (Ravald et al., 1986). 
The purpose of the present study was to estimate the prevalence of root surfa-
ce caries in patients surgically treated for periodontal disease and to analyse re-
lating factors. Simultaneously with this study, the microbiology of sound and 
carious root surfaces was studied (Keltjcns et al., 1987). 
II.2 MATERIALS AND METHODS 
Population 
83 Patients, 54 women and 29 men, of the Department of Periodontology 
(University of Nijmegen) were examined in this study. Their ages ranged from 
22.4 to 71.5 years with a mean age of 40.6 years. Each of the patients had un-
dergone periodontal surgery at six teeth or more, at least 2 years ago. All sub-
jects participated in a maintenance program and returned for periodontal con-
trol and professional tooth cleaning every 3 months. They were well motivated 
and exhibited excellent oral hygiene, stimulated by the 3-months' recall schedu-
le in the periodontal clinic. 
Clinical examination 
Prior to oral examination, the patients were questioned about the use of fluori-
de in toothpaste, tablets, gel or mouth rinses. It appeared that all but 6 patients 
used fluoride toothpaste while 13 patients received biannual fluoride gel appli-
cation and 2 patients used fluoride tablets in addition. 
In the clinical examination the coronal Decayed Filled Surface-score was recor-
ded, using a dental probe and a mouth mirror. The DFS-index of the roots was 
also scored. The exposed root surfaces per tooth were recorded and subdivi-
ded into mesial, distal, lingual and buccal surfaces. The condition of the surfa-
ce, sound, carious or restorated, was also monitored. A root surface was consi-
dered exposed, when the crest of the marginal gingiva was apical to the cemen-
to-enamel junction and the root surface was visible. To diagnose a carious le-
sion, the criteria for epidemiologic studies as suggested by Katz (1984) were 
used. Lesions adjacent to restorations of the crowns and restorations because 
of erosions, were excluded. When a lesion or a restoration was located more 
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than half on cementum, it was considered as originating from the root. The 
number of decayed and filled root surfaces was divided by the total number of 
exposed root surfaces and then multiplied by 100 to yield the percentage affec-
ted. This resulted in the root caries index (RCI) according to Katz. 
In addition, the time of periodontal surgery was scored for each tooth. The 
dental records of the patients contained information about root exposure befo-
re periodontal treatment. Thus, the length of the period, that individual surfa-
ces were exposed, was known. 
Microbiological analyses of saliva 
Stimulated whole saliva was collected by chewing on paraffin wax. Levels of 
Streptococcus mutans and lactobacilli were estimated in the saliva as follows. 
Saliva samples were homogenized by ultrasonic dispersion for 20 s at 00C 
using a Kontes cell disrupter K-881440 provided with a microlip. The suspen-
sions were serially diluted 10-fold and plated onto TYCSB agar (van Palenstein 
Helderman et al., 1983) and Rogosa SL agar (Rogosa et al., 1951). TYCSB 
served to enumerate S. mutans. The selective agents in this medium arc bacitra-
cin and sucrose. Rogosa SL agar is a selective medium for Lactobacillus spe-
cies. All species were counted on the basis of colonial morphology. 
Statistical procedures 
Differences between the regions in upper and lower jaw of the overall RCI we-
re analyzed with a two-way analysis of variance (Anova) and a Tukey contrast 
test. The independent variables were patient and region (four levels). Differen-
ces between the surfaces per region were analyzed in the same way with patient 
and surface (three levels) as the independent variables. Relations between DFS-
index, RCI and other patient-related variables, as age or moment of surgical 
treatment, were tested with the Spearman correlation test. The influence of the 
salivary S. mutans and lactobacilli levels on the RCI were analyzed with a two-
way Anova with interaction and a Tukey contrast test. Independent variables 
were 5. mutans levels (three levels) and lactobacilli levels (three levels). The de-
pendent variable was RCI. The influence of the use of fluoride on RCI was tes-
ted with one-way Anova with fluoride (two levels) as independent variable and 
RCI as dependent variable. 
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II.3 RESULTS 
The distribution of the remaining natural teeth is presented in fig. 1. In total, 
2128 teeth were present, almost equally divided over both arches. 889 teeth, 
524 in the upper and 365 in the lower jaw, were treated by periodontal surge-
ry· 
The distribution of exposed root surfaces per type of tooth is given in fig. 2. In 
total, 3537 surfaces were exposed, 1325 buccal, 842 lingual and 1370 approxi-
mal surfaces. The total number of decayed and filled root surfaces was 245. 
From these, 8 surfaces were restored on account of buccal erosion and exclu-
ded from the analyses. From the remaining 237 affected surfaces 77 were buc-
cal, 59 lingual and 101 approximal. 
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Fig. 1. Distribution of remaining natural and surgically treated teeth according 
to tooth type. 
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Fig. 2. Number of exposed root surfaces according to tooth type and surface. 
Intraoral distribution of root surface caries 
The intraoral distribution of the RCI for the anterior and posterior regions in 
upper and lower jaw is given in fig. 3. The overall RCI of the anterior teeth in 
the lower jaw was significantly lower than the RCI of the other groups (Tukey 
test, ρ < 0.05). For the maxillary posterior teeth the RCI of the buccal surfa­
ces was significantly lower than that of the lingual and approximal surfaces 
(Tukey test, ρ < 0.05). The approximal surfaces of the maxillary anterior teeth 
showed a significantly higher RCI as compared to the buccal and lingual (Tu­
key test, ρ < 0.05). The lingual surfaces of these teeth showed a very low RCI. 
In the lower jaw the approximal surfaces of the posterior teeth had a signifi­
cantly lower RCI in comparison with the buccal (Tukey test, ρ < 0.05). The 
RCI for the lingual surfaces fell between that for the buccal and approximal 
surfaces. The RCI for the buccal surfaces of the mandibulary anterior teeth was 









tenor regions of each dental arch. 
Periodontal treatment and root caries index 
The exposed root surfaces could be split up into groups according to surgical 
treatment and the length of the period that the root surface had been exposed 
to the oral environment (Table 1). Statistical analyses showed no significant dif­
ferences between the RCI values in these groups or between the groups (chi-
square test). 
Patient related variables and root caries index 
Table 2 shows the distribution of the RCI on patient level. The mean RCI was 
6.28% (SD 0.08). 23 Patients had no root surface lesions, while in 4 patients 
the RCI was over 20%. The influence of some patient-related variables on the 
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RCI was determined. The mean coronal DFS-score was 28.6% (SD 13.5). No 
correlation was found between DFS-score and RCI. 
RCI increased with age (Spearman test r = 0.30, ρ = 0.006). Also a weak cor­
relation was noticed between age and surgical treatment. Generally, older pa­
tients had undergone surgical treatment longer ago (Spearman test г = 0.22, ρ 
= 0.04), resulting in a longer exposure period of the root surfaces. 
Table 1. Distribution of root surfaces with respect to surgical treatment and 
moment of exposure. 
exposed root surfaces 
not surgically treated 
surgically treated 
surgically treated: 
— exposed before treatment 
— exposure moment unknown 
— exposed after treatment 
0-2 years exposed 
3-5 years exposed 






























Table 2. Distribution of the Root Caries Index over the patients. 
RCI η 
0 
0 < RCI й 4 
4 < RCI й 12 
12 < RCI й 20 






η = number of patients 
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To analyse the relationship between .S'. mutans levels in saliva and the RCI, pa­
tients were divided into three groups: (i) with S. mutans levels below 2,5.1ο1 
per mL saliva, (ii) between гДІОМО 6 and (iii) over 106. Patients with high S. 
mutans levels showed a significantly higher RCI (13.2%) as compared to 
groups with lower levels, 4.6% and 7.0%, respectively (Tukey test, ρ = 0.02). 
Patients were divided into three groups according to lactobacilh levels: (i) with 
lactobacilh levels below 103 per mL saliva (ii) between 10M0 4 and (iii) over 
104. In the low level group the mean RCI was 5.4%, in the median 5.4% and in 
the high level group the RCI was 9.8%. Lactobacilli levels in saliva tended to 
differentiate between patients with low, medium and high RCI (Tukey test, ρ = 
0.06). 
Also the influence of different combinations of salivary Λ', mutans and lactoba­
cilh levels on RCI was tested. Because only 4 patients belonged to the group 
with high 5. mutans as well as high lactobacilh levels, the analyses were made 
between the following groups: (i) patients with low levels of both bacteria, (ii) 
patients with high levels of one bacterium and at least medium levels of the 
other, (iii) patients with other combinations of levels. The mean RCI in these 
groups were 4.9%, 12.9% and 5.4%, respectively. The patients in the group 
with high levels of one and at least medium levels of the other bacterium show­
ed a significantly higher RCI as compared with the other groups (Tukey test, ρ 
< 0.01). 
All patients, except 6, used fluoride in one way or another, leaving the group 
"no fluoride" too small for further analysis. Instead, the group of patients who 
received a gel application twice a year was compared to the group using fluori­
de in toothpaste only. Between these groups no significant difference was found 
in the RCI. 
II.4 DISCUSSION 
To preserve teeth affected by periodontal disease, often an intensive periodon­
tal treatment is necessary, including surgery. This therapy results in exposure of 
root surfaces leading to an increased risk for root caries. In our study the RCI 
on patient level was 6.28%; a value, relatively low as compared to data presen­
ted by Kitamura et al. (1986) and Katz et al. (1982), who observed RCI values 
of 17.7% and 11.4% respectively. The reason for the lower incidence of root 
caries within our group of patients could be the following. All patients partici­
pated in a maintenance program including a 3-months' recall. They had a very 
good oral hygiene and brushed their teeth several times a day. Other aids such 
as dental floss, toothpicks or interdental brushes were also used by most pa­
tients. Moreover, all but 6 patients used fluoride in toothpaste daily, while 15 
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received supplementary fluoride by gel application or tablets. The fluoride regi-
mes likely contributed to a prevention of root surface caries. This assumption is 
supported by data of Burt et al. (1986), who found a similarly low RCI of 
6.88% in an optimally fluoridated community. The high RCI in the study of Ki-
tamura et al. (1986) might well depend on the high mean age of 80 years of the 
participants. Our results fitted in with those in a review of Wagg (1984), who 
refcred to a RCI of approximately 6% in a study of residents of Woodstock, 
who almost had the same mean age as our paticntgroup. 
From our data we have tried in retrospect to analyse the relation between RCI 
and the length of exposure of the root surfaces to the oral environment. Al-
though no statistical differences in RCI values were observed, root surfaces, 
that had probably the longest exposure time, namely those, originating from 
teeth not surgically treated and those, already exposed before treatment, sho-
wed relatively high RCI values. In contrast to this, root surfaces exposed for 
less than 5 years, had low RCI values. This could reflect a gradual and yearly 
increment of the RCI values. A very similar group of periodontal patients was 
investigated by Ravald and Hamp (1981) and Ravald et al. (1986). Approxi-
mately 1700 exposed root surfaces in 31 patients were included in their study. 
During an observation period of 8 years they found 157 new root surface le-
sions, resulting in an annual increment of the RCI of approximately 1%. 
The intraoral distribution of root caries was compared with other studies. Until 
now, only a few investigators have differentiated between surfaces at risk for 
root caries. Similar to Ravald et al. (1986), Katz et al. (1982) and Ractzke and 
Rockel (1986), we found, that lower anterior teeth were affected less than 
other teeth. In contrast, Banting et al. (1980) observed more root caries in lo-
wer incisors, especially the proximal surfaces. The discrepancy might be explai-
ned by the fact, that lower anterior teeth were retained more frequently in the 
population investigated by Banting et al. than in the populations studied by the 
other investigators. The occurrence of root caries in the different types of teeth 
and surfaces showed approximately the same pattern of distribution as in the 
study of Katz et al. (1982). The only exception was, that in our study the lin-
gual surfaces of lower posterior teeth were slightly more susceptible. 
With respect to a relationship between the DFS-score and root caries, different 
results were published (Banting et al, 1980; Ractzke et al, 1983; Burt et al, 
1986). Our data did not reveal a significant correlation between DFS and RCI. 
An increasing RCI was noticed with age. Partially this could be due to the fact, 
that older people had undergone surgically treatment longer ago, resulting in a 
longer exposure time of the periodontally treated surfaces. On the other hand, 
it can be assumed, that of older people the root surfaces not surgically treated, 
have been exposed for a longer period of time, due to gradual gingival retrac-
tion. An increment of root surface caries with age as found in other studies 
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(Banting et al, 1980; Burt et al, 1986; Raetzke et al, 1983; Vehkalahti et al, 
1983) is also probably caused by a longer exposure time of root surfaces of ol-
der people. 
A correlation between salivary S. mutans levels and the occurrence of root ca-
ries existed. Patients with high levels of S. mutans in saliva showed a signifi-
cantly higher RCI. A similar relation between salivary 5. mutans levels and the 
development of new root carious lesions was observed by Ravald et al (1986). 
We found, that plaque from carious root surfaces contained significantly higher 
numbers of S. mutans than plaque from sound surfaces (Keltjens et al, 1987). 
The relationship between S. mutans and coronal caries in children was repor-
ted earlier by Zickert et al (1982) and Kristofferson et al (1985). Jointly, these 
observations point to an analogous etiology of root and coronal caries. In con-
trast to Ravald and Hamp (1981) and Ravald et al (1986), in our study lacto-
bacilli were not such a good indicator for the presence of root surface caries as 
the salivary S. mutans level was. 
As periodontal surgery introduces a risk for root caries, preventive measures 
must be optimalized for these patients. 
Our results indicate that high caries risk patients can be identified by estima-
tion of the 5. mutans levels in saliva. 
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CHAPTER III 
Microflora of plaque from sound 
and carious root surfaces* 
H.M.A.M. Keltjens, M J.M. Schacken, J.S. van der Hoeven, J.C.M. Hendriks 
ABSTRACT 
In 47 patients plaque samples were taken from sound and carious root surfa­
ces. The carious surfaces were categorized as soft or hard. In total, 70 sound, 
29 hard carious and 36 soft carious surfaces were sampled and analyzed for 
the presence of Streptococcus sanguis, Streptococcus mutans, Actinomyces visco-
sus/naeslundii, Lactobacillus and Capnocytophaga species. 
Samples from soft carious surfaces contained significantly higher numbers of S. 
mutans as compared to samples from sound surfaces. The numbers of 5. mu­
tans on hard carious and sound surfaces were approximately equal. For S. san­
guis and A. viscosus/naeslundii no significant differences were found. 
The isolation frequency of capnocytophaga was comparatively low. Lactobacilli 
were only occasionally found. 
The results indicate that, from the above species, only 5. mutans is closely rela­
ted with root surface caries. 
Ш.1 INTRODUCTION 
Carious lesions in exposed root surfaces are becoming a significant problem in 
dentistry. Aging of the population, the increasing retention of teeth into the la­
ter years, periodontal surgery and the treatment with overdentures are factors 
responsible for an increasing number of exposed root surfaces. It can be assu­
med that this will result in more root surface caries. 
Restorative treatment of these lesions is difficult. Therefore adequate preventi­
ve treatment is important. The microbiology of root surface caries has not been 
studied in sufficient detail yet. Understanding the microbial etiology of the dis­
ease could contribute to more elaborate prevention regimes, including chemo-
therapeulic means. 
Studies with experimental animals revealed that several types of oral bacteria 
could induce root surface caries. Actinomyces species caused periodontal des-
Published in Caries Research 21:193-199 (1987). 
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miction and root surface caries (Keyes and Jordan, 1964; Socransky et al., 
1970; Jordan et ai, 1972; Crawford et αι., 1977). Similarly implantation of pu­
re cultures of Streptococcus mutans in gnotobiotic rats resulted in root surface 
caries (Gibbons et αι., 1966; Crawford et al., 1977). 
From carious root surfaces in humans various types of bacteria have been iso­
lated, which are suggested to be associated with root surface caries. Frequently, 
Streptococcus and Actinomyces species were found to be present in large num­
bers (Jordan and Hammond, 1972; Sumncy and Jordan, 1974; Sycd et al., 
1975; Hill et al., 1977). From the above studies a possible role of Actinomyces 
in the etiology of root surface caries has been suggested, despite the fact that 
streptococci, including 5. mutans were the predominating organisms. 
At the advancing front of carious root lesions diphtheroids of the genus Ar-
throbacter have been observed (Sumney and Jordan, 1974), whereas Lactoba­
cillus and other species were observed at the advancing front of coronal lesions 
(Edwardsson, 1974; Mackay, 1969). Further, motile organisms such as Capno-
cytophaga species have been suggested to co-operate in root surface caries 
(Adriaens, 1982). 
The aim of the present work was to compare the microbial composition of pla­
que samples from sound and carious root surfaces in order to establish which 
species are associated with root surface caries. 
III.2 MATERIALS AND METHODS 
Participants 
47 Patients of the Department of Periodontology (The University of Nijmegen) 
participated in this study. Their mean age was 42.2 years (range 26-71 years). 
Each of the patients had undergone periodontal surgery at 6 teeth or more, 
more than 2 years ago. The patients in this study all participated in a mainte­
nance program and returned for periodontal control and professional tooth 
cleaning every 3 months. All patients had very good oral hygiene and brushed 
their teeth several times a day with a fluoridated toothpaste. In addition, other 
aids such as dental floss, toothpicks or interdental brushes were daily used by 
most of them. 
The mean traditional crown DMFS-score of the subjects in the sample was 
50.0 (range 15 to 99), but none of the subjects had gross carious lesions. 
All patients had at least one exposed root surface lesion. The mean root caries 
index of the patients (Katz, 1980) was 9.9% (range 1.3 - 46.7%). 
Bacteriological Sampling 
From every patient plaque samples were taken from 1-3 carious root surfaces. 
As a control, an equal number of sound root surfaces was sampled from the 
same individuals. 
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If available, control samples were taken from the same tooth surface on the op-
posite side of the dental arch. When this root surface was unexposed or ca-
rious, the nearest comparable surface was taken. Carious lesions located at the 
margin of a restoration were omitted from this study. 
During the sampling procedure the consistency in the sampled part of the le-
sion was also scored every time by the same investigator. If the lesion was easy 
to penetrate and carious dentin could be removed with moderate pressure of a 
small spoon excavator, the lesion was scored as soft. All other lesions were 
considered hard. 
Prior to plaque sampling, the adherent saliva on the surfaces was removed by a 
waterspray. Subsequently, cotton rolls were placed and the surfaces were dried 
by air. Plaque samples were collected using a sterile spoon excavator (Ash 
153/154). Each sample was transferred into a vial with 1 mL of reduced trans-
port fluid (Loeschc et al., 1972) and processed in the laboratory within 30 min. 
Bacteriological Procedures 
The plaque samples were homogenized by ultrasonic dispersion for 20 s at 00C 
using a Kontcs cell disrupter K-881440 provided with a microtip. The suspen-
sions were then serially diluted 10-fold and plated onto blood agar, TYCSB 
agar (van Palenstein Helderman et ai, 1983), CNAC-20 agar (Ellen and Bal-
ccrzak-Raczkowski, 1975) and Rogosa SL agar (Rogosa et al., 1951). All pla-
tes were incubated at 37(IC in an atmosphere of N2, 91%; C0 2 , 5%; H2, 4% for 
5 days. 
The total cultivable flora, Streptococcus sanguis and Capnocytophaga species 
were counted on blood agar. CNAC-20 agar was used as a selective and electi-
ve medium for Actinomyces viscosus/naeslundii. The two Actinomyces species 
cannot be distinguished on this medium on basis of their colonial morphology 
and were counted together. TYCSB served to enumerate S. mutans. The selec-
tive agents in this medium are bacitracin and sucrose. Rogosa SL agar is a se-
lective medium for Lactobacillus species. 
All species were counted on the basis of colonial morphology. In cases of 
doubt, colonies were isolated on blood agar for identification. All isolates were 
first checked for cellular morphology in a Gram-stain. Isolates from sucrose 
agar (TYCSB) were tested for their ability to ferment sucrose, mannitol and 
sorbitol, to produce ammonia from arginine and to hydrolyze esculin. On 
blood agar S. sanguis forms large, brown-yellow, dry adherent colonies with a 
variable hemolysis. Isolates from blood agar with a S. sanguis type of colonial 
morphology were identified with the same set of tests. The other isolates were 
identified with the API20A® (anaerobes) system (API system, SA. Montalieu-
Vercieu, France). Capnocytophaga species although not yet included in the data 
base of the API20A system could be identified using tests provided by this sys-
tem and growth on blood agar incubated aerobically, aerobically at an increa-
sed level of C0 2 (10% C02) and anaerobically. 
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Statistical Procedures 
Differences in isolation frequency on sound and carious surfaces for S sanguis, 
S mutans and Λ. vistosus/naeslundu were statistically analyzed with Student's t 
test on paired samples The isolation frequencies of the other species and the 
differences between hard and soft in isolation frequencies were analyzed with a 
chi-square test because of the low frequencies. 
The bacteriological counts were 10log transformed prior to statistical analysis. 
The transformed data were subjected to two-way analysis of variance with in­
teraction and a corresponding Scheffé contrast test. This was done for each 
bacterial species and tor the total cultivable flora. The independent variables 
were patient and type of canes ( three levels: sound, hard and soft carious). 
III.3 RESULTS 
A total number of 135 plaque samples from 47 patients was analyzed. 70 Sam-
ples originated from sound and 65 from carious root surfaces. From the latter 
category 39 samples originated from soft and 26 from hard lesions. 
Table 1. Isolation frequencies of S sanguis, S. mutans, A viscosus/naeslundu, 
Lactobacillus and Capnocytophaga species in plaque samples from sound and 
carious root surfaces. 
sound surfaces carious surfaces 







67/70(96) 60/65(92) 22/26(85) 38/39(97) 
59/70(84) 60/65(92) 24/26(92) 36/39(92) 
63/70(90) 58/65(89) 25/26(96) 33/39(85) 
8/70(11) 12/65(18) 1 /26(4) 11/39(28) 
48/70(69) 34/65(52) 13/26(50) 21/39(54) 
The figures in parentheses represent the percentage of positive samples. 
The isolation frequencies of the various species are given in table 1. 5. sanguis, 
S. mutans and A viscosus/naeslundu were present in almost all samples. For all 
these species no significant differences in isolation frequencies between sound 
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surfaces and soft or hard carious surfaces were observed, although the isolation 
frequency of S. mutans from carious surfaces was slightly higher than the isola­
tion frequency from sound surfaces (paired t test, ρ = 0.12). 
Capnocytophaga species were found in 50-70% of the samples. They tended to 
occur more frequently on sound than on carious surfaces, but the difference 
was not significant (chi-square test, ρ = 0.08). Between hard and soft lesions 
no significant difference was found. 
The isolation frequency of Lactobacillus species was considerably lower than 
those of Streptococcus and Actinomyces species. In only 3 of the samples Lacto­
bacillus species comprised more than 1% of the total CFU (data not shown). 
Lactobacilli occurred more frequently in the plaque samples from soft carious 
than from hard carious surfaces (chi-square test, ρ = 0.03). No significant diffe­
rences were however found between sound and carious surfaces. 
Table 2. Numbers of 5. sanguis, S. mutans and A. viscosus/naeslundii in plaque 
samples from sound and carious root surfaces (log CFU ± SE). 
sound carious surfaces 
surfaces 
Anova 
hard soft patient surface 






6.61 ±0.11 5.84 ±0.16 6.32 ±0.16 * 
5.62 ±0.15 4.58 ±0.31 4.98 ± 0.20 NS 
3.62 ±0.18 3.70 ±0.25 4.84 ±0.35 * 
4.77 ±0.19 4.44 ±0.19 4.26 ± 0.27 NS NS 
NS = ρ è 0.05; * = 0.05 > ρ è 0.01; ** = 0.01 > ρ ê 0.001. 
Anova = Analysis of variance; η = number of patients; NS = nonsignificant. 
Table 2 shows the numbers of colony forming units of S. sanguis, S. mutans 
and A. viscosus/naeslundii on sound, hard and soft carious surfaces. 
A significant patient effect on the total CFU and the numbers of S. mutans was 
observed (Table 2). In addition, the different types of surfaces (sound, hard and 
soft carious) were not equally divided over all patients. To eliminate the effect 
of these factors on the statistical analysis of our data, in each patient mean 
counts were calculated for each type of surface. These mean counts were then 
treated further as one set of data. In this way 47 sets of data were obtai-
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ned for sound surfaces; 24 sets of data for hard carious and 26 sets of data for 
soft carious surfaces. 
Statistical analysis of the data treated in this way showed that the S. mutans 
counts on carious surfaces were significantly higher than those on sound surfa-
ces. This difference was caused exclusively by the increased counts of S. mu-
tans on the soft carious surfaces (Scheffé contrast test), which were 20 times 
higher than on sound surfaces. No significant difference was observed in the S. 
mutans counts between surfaces diagnosed as hard carious and sound. 
On sound surfaces S. sanguis was present in significantly higher numbers than 
on both hard and soft carious surfaces (Schcffe contrast test). For A. viscosus/ 
naeslundii no significant differences between the samples were found. 
Because of the low isolation frequency the numbers of capnocytophaga and 
lactobacilli were not analyzed. 
Table 3. Estimation of median percentages of various species in plaque samples 
from sound and carious root surfaces. 
sound carious surfaces Anova 
surfaces 
hard soft patient surface 
(n = 47) (n = 24) (n = 26) 
S. sanguis 10.2(19.4) 5.5(21.6) 4.5(10.9) NS 
S. mutans 0.1 ( 2.1) 0.7 ( 8.2) 3.3 (29.0) *** 
A. viscosus/ 1.4(11.6) 4.0(13.4) 0.9(10.6) NS 
naeslundii 
The figures in parentheses represent the mean percentages of various species. 
NS = ρ è 0.05; *** = 0.001 > ρ ê 0.0001. Anova = Analysis of variance; η = 
number of patients; NS = nonsignificant. 
There was, however, a significant difference in sample size, expressed as the to­
tal number of CFU between sound surfaces and hard carious surfaces (Scheffé 
contrast test). 
In order to eliminate a possible effect of the sample size on the result of our 
statistical analysis, the mean counts for the different bacterial species, used for 
the calculations in table 2, were transformed to relative values (log percentage 
of the total number of CFU) and subjected again to two-way Anova. Table 3 
shows an estimation of median percentages and the real mean percentages for 




surfaces differed significantly, confirming the difference found in the numbers 
of CFU of S. mutans on these surfaces. The proportions of S. sanguis on sound 
and carious surfaces were however not significantly different, showing that the 
difference observed in the numbers of CFU of S. sanguis was probably due to 
different samples sizes. 
III.4 DISCUSSION 
It has earlier been speculated that different bacterial populations are involved 
in caries on different sites of the dentition (Keyes, 1968). Thus, the fact that ce-
mentum and dentin are different types of tissues from enamel might imply a 
different bacterial etiology of the carious processes. 
The overall results of this study do not support this hypothesis. It was not sur-
prising that S. sanguis and A. viscosus/naeslundii had isolation frequencies of al-
most 100%. These species belong to the basic microflora of dental deposits 
(Bowden et al., 1979; Theilade and Theilade, 1985). When the sample size was 
taken into account, 5. sanguis was nearly equally divided over all surfaces. The 
numbers of A. viscosus/naeslundii were found to be approximately equal on ca-
rious and sound surfaces. Thus, a causal relationship between these organisms 
and root caries is not supported by our data. This conclusion does not agree 
with Jordan and Hammond (1972), who earlier associated Actinomyces species 
with root surface caries. They analyzed, however, only samples from carious 
root surfaces and were specifically looking for Actinomyces species. Our obser-
vations are supported by Bryan et al. (1985) who also found no significant dif-
ference in the prevalence or proportion of Actinomyces species between ca-
rious and sound root surfaces. Recent observations by Fure et al. (1985) sup-
port these findings. 
With respect to 5. mutans, bacteriological analysis revealed that this organism 
was particularly associated with soft carious root lesions. This may well support 
the hypothesis that, as well as in enamel caries, S. mutans is an important pa-
thogen in root caries. Our data are in accord with results of Sumney and Jor-
dan (1974), who reported that S. mutans was a predominant organism in pla-
que samples from carious root surfaces. Syed et al. (1975) also found high 
numbers of S. mutans in a part of the samples from carious root surfaces. The-
se two studies did not compare the samples from sound and carious surfaces or 
differentiate between different categories of lesions such as hard and soft. The 
presence of large numbers of S. mutans on the soft carious surfaces may reflect 
a progressing of the lesions. 
Our data fit in with results from a recent clinical study by Billings et al. (1985) 
who observed an association between 5. mutans and root surface caries. They 
further studied the effect of treatment of root surface lesions with NaF.5. mu-
tans levels at lesion sites declined during the treatment, while A. viscosus simul-
taneously increased at these sites. 
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A possible role of Capnocytophaga species in root surface caries has been sug-
gested by Adriaens (1982) because of the ability of these motile organisms to 
decalcify and penetrate into dentin under in vitro conditions. However, the low 
occurrence of capnocytophaga in plaque from root surface lesions docs not 
support this view. 
Our results do not provide evidence for any significant role of lactobacilli in 
the initiation or development of root caries. Billings et al. (1985) found an iso-
lation frequency of 50% but the numbers of lactobacilli were low. On the other 
hand, Fure et al. (1985) found a significantly higher proportion of lactobacilli 
in plaque samples taken from subjects suffering from root surface caries than 
from subjects with exposed root surfaces but no root surface caries. They sug-
gested that in addition to 5. mutans, lactobacilli might be associated with root 
surface caries. The discrepancy between their and our findings could have been 
caused by the depth of the lesions sampled. It may well be that the rather su-
perficial lesions sampled by Billings et al. (1985) as well as in our study con-
tained less lactobacilli than more cavitated lesions. This would be in accordan-
ce with the presence of lactobacilli in deep coronal lesions (Edwardsson, 
1974). 
In summary, the present data suggest that the etiology of root surface caries is 
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CHAPTER IV 
Effect of a fluoride and a Chlorhexidine-
fluoride varnish on human dental plaque 
flora and progression of root surface caries* 
H.M.A.M. Keltjens, M J.M. Schaeken, J.S. van der Hoeven, J.C.M. Hendriks 
ABSTRACT 
The effect of fluoride and chlorhexidine-fluoride varnishes on human dental 
plaque flora and progression of root surface caries was investigated in this stu-
dy. 46 Patients, surgically treated for advanced periodontal disease, were distri-
buted at random over three experimental groups: a control group, a fluoride 
group and a chlorhexidine-fluoride group. In the latter two groups, varnishes 
were applied at 3-months' intervals; at baseline onto the complete dentition 
and after that only onto exposed root surfaces. 
In the varnish groups saliva samples were taken at baseline and monthly up to 
6 months. Plaque samples were collected from sound and carious root surfaces 
at baseline and after 3 and 6 months. At baseline and after one year root caries 
indices and the consistency of root surface lesions were scored. 
In the chlorhexidine-fluoride group salivary S. mutans levels were only decrea-
sed at one month. On carious root surfaces 5. mutans was continuously sup-
pressed by the chlorhexidine-fluoride varnish. The fluoride varnish did not in-
fluence the microbial counts in saliva or plaque. 
The total numbers of new carious and restored root surfaces were significantly 
lower in the two varnish groups as compared with the control group. 
When hardening and softening were used as a criterium of progression, less 
progression of the lesions was noticed in the chlorhexidine-fluoride group. 
IV. 1 INTRODUCTION 
Epidemiological studies indicate, that root surface caries frequently occurs in 
adults and elderly (Banting et al, 1980; Baum, 1981; Katz et al, 1982; Vehka-
lahti et al, 1983; Beck et al, 1985). A special category of individuals at risk for 
root surface caries are patients, who were treated surgically for advanced pe-
riodontal disease. Of these patients, often a high number of root surfaces beco-
* Submitted to the Journal of Dental Research. 
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mes exposed. Ravald and Н а т р (1981) found a positive correlation between 
initial and final root surface caries scores after a 4-years' observation period. 
Therefore, patients with root surface caries experience run a high risk for get­
ting more root surface caries following periodontal surgery. 
In spite of the fact that root surface caries lesions are difficult to treat mechani­
cally, preventive regimes were not yet applied extensively. In vitro studies re­
vealed, that fluoride treatment increased the resistance of root surfaces to acid 
attack (Al-Joburi and Koulourides, 1984; Tveit and Halse, 1982; Shannon et 
αϊ, 1976). In the study of Tveit and Halse the effect of a fluoride varnish was 
found to be better than that of a NaF solution. 
Epidemiological data also suggest, that fluoride may have a restraining effect 
on the development of root caries (Stamm and Banting, 1980; Burt et al., 
1986). In a clinical investigation Billings et al. (1985) found, that daily applica­
tion of 1% sodium fluoride gel for an extended period, could partially arrest 
root surface caries. 
Recent investigations indicate, that Streptococcus mutans is closely related with 
root surface caries. This organism was isolated more frequently from carious 
than from sound root surfaces (Billings et al., 1985; Fure et al., 1985; Keltjens 
et al., 1987). Moreover, in a longitudinal study S. mutans was isolated more of­
ten from surfaces, which became carious than from those remaining caries-free 
(Ellen et al., 1985). 
Thus, the suppression of S. mutans in dental plaque could be an additional 
means for controlling root surface caries. 
In the prevention of enamel caries, Chlorhexidine gels have proved to be suc­
cessful in high caries-risk patients (Zickert et al., 1982). 
Recently, antimicrobial varnishes for sustained release of Chlorhexidine at the 
tooth surface were developed (Balanyk and Sandham, 1985). The advantage of 
using varnishes is, that the active agent can be applied specifically on caries 
predilection sites, thus diminishing side effects involved in the use of mouthrin-
ses or gel applications, such as bad taste, irritation of the oral mucosa and stai­
ning of teeth and tongue. 
The aim of this study was to investigate the effect of locally applied varnishes 
on the dental plaque flora and on caries progression of root surfaces of patients 
treated for periodontal disease. 
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IV.2 MATERIALS AND METHODS 
Participants and treatments 
46 Patients with recent experience of root caries participated in this study. All 
had undergone periodontal surgery at 6 teeth or more, some years ago. 
Their mean age was 44.4 years (range 28.4-72.5 years). The mean root caries 
index of the patients (Katz, 1980) was 14.5% (range 1-67%). 
All patients participated in a maintenance program and returned every 3 
months to the Department of Periodontology of the University of Nijmegen. 
The patients had excellent oral hygiene and brushed their teeth several times a 
day with a fluoridated toothpaste. In addition, most of them used other preven-
tive aids such as dental floss, toothpicks or interdental brushes. 
The subjects were distributed at random over 3 experimental groups. One 
group served as a control group and continued on the maintenance program. 
This group was examined twice. At the beginning of the study a saliva sample 
was collected and the clinical parameters were recorded. The clinical data were 
recorded again after one year. In the control group one drop out was noticed. 
The second group was treated with a fluoride varnish; the third group was trea-
ted with a varnish containing fluoride and Chlorhexidine. In these groups clini-
cal parameters were also recorded at baseline and after one year; plaque and 
saliva samples were collected as pointed out under bacteriological sampling. 
The varnishes were applied at three months' intervals, immediately after the pe-
riodontal check-up and the professional tooth cleaning, which were included in 
the maintenance program. The varnishes were applied onto the dried teeth with 
a small firm brush (as used for acid etching) and a dental instrument (Ash 6). 
With these instruments the application was easy and took approximately 15 mi-
nutes. 
At the first varnish treatment, all smooth and approximal surfaces were cover-
ed with a thin layer of freshly prepared varnish, while on subsequent occasions 
only the exposed root surfaces were treated. After the application, the subjects 
were allowed to rinse with tap water. After that the excess of varnish on the 
gingiva was removed. All subjects were asked to refrain from tooth cleaning 
until the next morning, i.e. for approximately 18 hours. The vamish, that was 
left on the teeth, was then removed by the subjects. 
Bacteriological sampling 
Prior to periodontal control and dental prophylaxis, plaque samples from selec-
ted root surfaces as well as a saliva sample were collected from subjects of the 
varnish groups. 
Plaque samples were taken from one or two carious root surfaces and from an 
equal number of sound root surfaces. Before plaque sampling, adherent saUva 
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on the surfaces was removed by a waterspray. Subsequently, the teeth were iso­
lated with cotton rolls and dried by air. Plaque samples were collected using a 
small sterile spoon excavator (Ash 153/154). Each plaque sample was transfer­
red into a vial with 1 mL of reduced transport fluid (Loesche et αϊ, 1972). 
Dental plaque sampling was repeated at 3 and 6 months. 
All samples were processed in the laboratory within 30 min. In addition to the 
plaque samples, 1 mL paraffin stimulated saliva samples were taken. Further, 
the patients were asked to send a saliva sample to the laboratory 1 and 2 
months after the first and second varnish treatments. 
Bacteriological procedures 
The plaque and saliva samples were homogenized by ultrasonic dispersion for 
20 s at 00C using a Kontes sonifier provided with a microtip. The suspensions 
were serially diluted 10-fold and plated onto blood agar, TSY20B (Schacken et 
αι., 1986) and CNAC-20 agar (Ellen and Balccrzak-Raczkowski, 1975). All 
plates were incubated at 37()C in an atmosphere of N2, 91%; CO2, 5%; Hj, 4% 
for 5 days. 
The total cultivable flora and Streptococcus sanguis were counted on blood 
agar. TSY20B served to enumerate Streptococcus mutans. The selective agents 
in this medium are bacitracin and sucrose. CNAC-20 agar is a selective me­
dium for Actinomyces viscosus/naeslundii and contains CdS04.8H20 as a selec­
tive agent. On CNAC-20 the two Actinomyces species could not be distinguis­
hed on colonial morphology and therefore were counted together. 
All species were counted on the basis of colonial morphology. Representative 
colonies were regularly isolated on blood agar for identification. All isolates 
were first checked for cellular morphology in a Gram-stain. Isolates from blood 
agar with a S. sanguis type of colonial morphology and isolates from TSY20B 
were identified with the API Strep® system (API system, SA. Montalieu-Ver-
cieu, France). The other isolates were identified with the API 20Ав (anaero­
bes) system. 
The study was carried out blind; one investigator applied the varnishes, while 
the other, who did not know which varnish was applied, took the samples, per­
formed the bacteriological countings and clinical examination. 
Clinical examination 
After the bacteriological sampling the clinical examination was performed. 
First, the DFS-index of the roots was scored. Exposed root surfaces per tooth, 
subdivided into mesial, distal, buccal and lingual, were recorded. A root surfa­
ce was considered exposed, when the crest of the marginal gingiva was apical 
to the cemento-enamel junction and the root surface was visible. The criteria 
for epidemiological studies, as suggested by Katz (1984), were used to diagnose 
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a carious lesion. When a lesion or restoration was located more than half on 
the root surface, it was considered as originating from the root surface. Lesions 
adjacent to restorations of the crowns or restorations because of erosions were 
excluded. 
The consistency of the lesion was scored in the central part of the lesion, or 
when cavitation had occurred in the cavity. When the lesion was easy to pene­
trate and carious dentin could be removed with moderate pressure of a small 
spoon excavator (Ash 153/154), the lesion was scored as soft; otherwise it was 
considered to be hard. 
Simultaneously, the depth of the lesion was measured at the same place. 
After the periodontal control and tooth cleaning, the clinical data were checked 
again. 
Statistical procedures 
The bacteriological counts were 10log transformed prior to statistical analysis. 
The transformed data of the salivary bacterial counts were subjected to a three-
way analysis of variance (Anova) with interaction. The independent variables 
were patient, group (two levels), period (seven levels) and interaction between 
group and period. Differences between groups per period were tested with a 
Student's t test. 
The transformed data of the plaque bacterial counts were also subjected to a 
three-way Anova with interaction. The dependent variable was the change in 
the I()log transformed bacteriological counts as compared to baseline. The inde­
pendent variables were patient, group (two levels), caries status (two levels) and 
interaction between group and caries status. 
Differences in numbers of carious surfaces between groups were tested with a 
chi-square test. 
IV.3 RESULTS 
Most patients complained of a bad taste for some hours after the first applica­
tion of the chlorhexidinc-fluoride varnish on the complete dentition. However, 
after the next three applications, when only the exposed root surfaces were 
treated, no discomfort was reported. 
The varnish applications caused no significant changes in total counts and 
numbers of S. sanguis or A. viscosus/naeslundii in saliva.The baseline levels of 
S. mutans in the chlorhexidinc-fluoride group were higher than those in the 
fluoride group (Fig. 1). After the first varnish treatment, salivary S. mutans le­
vels in the chlorhcxidine-fluoride group were significantly suppressed until one 
month (t test, ρ < 0.05). The 5. mutans levels in the chlorhexidine-fluoride 
group remained below the S. mutans levels in the fluoride group during the rest 
of the experimental period. 
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Log CFU 
Fig. 1. Mean 10log number of 5. mutans in saliva after varnish applications. 
О fluoride group 
• chlorhexidine-fluoride group 
The numbers of bacteria in the plaque samples were '"log transformed and 
subjected to Anova. 
Table 1 shows the p-levels of the influence of different factors on the changes 
in the numbers of bacteria (in the period 0-3 and 0-6 months, respectively). 
Anova revealed, that in the plaque samples no significant changes occurred in 
the total counts or in the numbers of 5. sanguis. 
For the numbers of S. mutans and A. viscosus/naeslundii significant changes we­
re noticed. 
Tables 2 and 3 show the numbers of A. viscosus/naeslundii and 5. mutans in 
plaque samples from sound and carious root surfaces at baseline and after var­
nish applications. The 5. mutans levels in plaque samples from carious root 
surfaces at baseline were significantly higher than in the samples from sound 
surfaces, confirming earlier results (Keltjens et al., 1987). 
The changes in the numbers of 5. mutans in the plaque samples during the dif­
ferent periods were significantly different between the carious and sound surfa­
ces, as well as between the chlorhexidine-fluoride group and the fluoride group. 
Chlorhexidine-fluoride varnish resulted in a significant decrease of 5. mutans in 
the plaque on the carious surfaces. In the samples from the sound surfaces in 
the chlorhexidine-fluoride group no suppression was observed. It is noted, that 
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Table 1. P-levels of the influence of different factors on the changes in the 
numbers of bacteria in plaque samples (Anova). 
Period 0-3: 





group χ caries status 
Period 0-6: 





group χ caries status 
patient: effect of factor "patient" 
group: effect of factor "varnish treatment" 
caries status: effect of factor "carious or sound root surface" 
group χ caries status: effect of the interaction between these two factors. 
* = 0.05 > ρ ä 0.01; ** = 0.01 > ρ ë 0.001; *** = 0.001 > ρ è 0.0001. 
at baseline, in most of these samples S. mutans was not present or only present 
in low numbers. 
The changes in the numbers of A. viscosus/naeslundii in the plaque samples we-
re significantly different between the carious and sound surfaces both for the 
chlorhexidine-fluoride group and for the fluoride group. After the varnish ap-
plications the A. viscosus/naeslundii counts in all plaque samples tended to in-
crease as compared to baseline levels. 
The caries progression in the three groups is given in table 4. It is noticed, that 





Table 2. Numbers of A. viscosus/naeslundii in plaque samples from sound and 








(n = 30) 
5.16 ±0.19 
5.38 ± 0.24 
5.62 ±0.16 
carious 
( n - 3 0 ) 





(n = 29) 
5.21 ± 0.20 
5.24 ± 0.26 
5.30 ± 0.21 
carious 
( n - 2 9 ) 
4.60 ± 0.26 
5.84 ±0.15 
5.43 ± 0.24 
Table 3. Numbers of 5. mutans in plaque samples from sound and carious root 








(n = 30) 
3.33 ± 0.30 
3.34 ±0.32 
3.80 ± 0.28 
carious 
( n - 3 0 ) 
4.19 ±0.24 




( n - 2 9 ) 




( n - 2 9 ) 
4.92 ± 0.26 
3.42 ± 0.34 
3.25 ± 0.30 
face caries prevalence. At the start of the study 8.4% of the root surfaces was 
decayed or filled in the control group, in the fluoride group 11.4% and in the 
chlorhexidine-fluoride group 16.2%. In the control group the total increase of 
decayed and filled surfaces was 21. This is significantly higher as compared 
with the fluoride and the chlorhexidine-fluoride groups, in which the incre­
ments were 8 and 9, respectively ( chi-square test, ρ < 0.01). This resulted in a 
mean caries increment per subject in one year of 1.50 DF-surfaces in the con­
trol group, 0.53 in the fluoride group and 0.56 in the chlorhexidine-fluoride 
group (Table 5). 
Changes in the consistency of initial, shallow lesions after one year are given in 
table 6. The progression of root caries in the control group is indicated by the 
increase of softened and filled surfaces. In contrast, in the chlorhexidine-fluo­
ride group, 25% of the lesions was hardened, indicating that an improvement 
occurred. For the fluoride group the percentages of changes were just in-be­
tween those of the control and the chlorhexidine-fluoride groups. 
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Table 4. Caries prevalence of exposed root surfaces. 
η total number decayed surfaces filled surfaces 
of exposed 
root surfaces 
В 1 year В 1 year 
control 14 687 33 47 25 32 
fluoride 15 762 64 69 23 26 
Chlorhexidine- 16 730 90 93 28 34 
fluoride 
В = baseline; η = number of patients 
Table 5. Mean caries increment per subject of exposed root surfaces. 
η D-surfaces F-surfaces DF-surfaces 
control 14 1.00 0.50 1.50 
fluoride 15 0.33 0.20 0.53 
Chlorhexidine- 16 0.18 0.38 0.56 
fluoride 
Table 6. Changes in the consistency of initial root surface lesions after one year 
(percentage of the total number of lesions). 
unchanged hardened softened filled 
control 74 4 11 11 
fluoride 76 15 7 2 




This paper reports on the use of varnishes to prevent root surface caries. The 
fluoride varnish was aimed to increase the resistance of the root surfaces, while 
the chlorhexidine-fluoride varnish was supposed to have an additional antimi­
crobial effect, due to release of Chlorhexidine over a period of several hours. 
The control of S. mutans by Chlorhexidine varnishes was reported earlier 
(Sandham et ai, 1985). However, in the present study in salivary bacteriologi­
cal counts, only a significant difference could be detected at one month. How­
ever it is noted, that the varnish was locally applied on the root surfaces in 
three out of four applications and therefore not expected to eliminate S. mu­
tans from the complete dentition. 
Yet, a significant decrease of the S. mutans levels in saliva was observed in par­
ticular, one month after the first application of chlorhexidine-fluoride varnish, 
applied on the complete dentition. 
With respect to the varnish application, it is noted, that the 3-months' sampling 
interval is a relatively long period in terms of bacteriological effects. That is the 
reason, why only very pronounced inhibitory effects would show-up after such 
an interval. Yet, a statistically significant change in S. mutans levels on carious 
surfaces was noticed by the chlorhexidine-fluoride varnish. On sound surfaces 
in the chlorhexidine-fluoride group, the initial 5. mutans counts were in such a 
low range, that a significant suppression would be very difficult to demonstrate. 
The long-term suppression of 5. mutans by a high-concentration Chlorhexidine 
varnish in our experiment and that by Sandham et al. (1985) may well be due 
to virtual elimination of 5. mutans on the surfaces by varnish treatment. The sa­
me would probably occur to the A. viscosus/naeslundii populations. However, 
in contrast to A. viscosus/naeslundii S. mutans did not return to original levels 
in the following three-months' period. It was speculated (Schaekcn et ai, 1984), 
that the long-term and selective suppression of S. mutans results from its high 
sensitivity to Chlorhexidine (Emilson, 1977), as well as from a competition be­
tween A. viscosus/naeslundii with S. mutans (van der Hoeven and Rogers, 
1979). 
The caries increment in the control group confirmed, that we were dealing with 
a high risk group for root surface caries. Also other studies indicated, that pa­
tients with exposed root surfaces and recent experience of root surface caries 
were responsible for a large part of the increment of root surface caries in the 
investigated populations (Ravald and Hamp, 1981 ; Banting et я/., 198 5). 
The control group also showed the highest percentage of lesions progressed af­
ter 1 year, using consistency as a criterium. 
As compared to the control group, caries progression in the two other groups 
was lower. This was in accordance with an in vitro study of Tveit and Halse 
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(1982), in which fluoride varnish applications increased the acid resistance of 
dentin. Moreover, for enamel caries biannual applications of fluoride varnish in 
children were found to be as effective as fluoride rinses every second week af-
ter 3 and 5 years (Kirkcgaard et al, 1986). Probably fluoride varnishes are also 
successful in the prevention of root surface caries. Billings et al. (1985) earlier 
demonstrated, that incipient root surface caries could be arrested for a large 
part by daily application of 1% NaF gel. A study of Nyvad and Fejerskov 
(1986) showed, that active root caries can be converted into inactive root ca-
ries by means of meticulous toothbrushing with a fluoride toothpaste. 
In our experiment the difference between the clinical effects of the fluoride and 
the chlorhexidine-fluoride varnishes was relatively small. However, we did not 
match the subjects over the groups, which resulted in an unequal distribution of 
present root caries over the groups. Thus, in the group receiving the chlorhexi-
dine-fluoride varnish, more root surface lesions occurred at baseline, than in 
the other groups. This may well indicate a higher caries susceptibility of the in-
dividuals in the chlorhexidine-fluoride group. 
This study illustrates, that both fluoride and chlorhexidine-fluoride varnishes 
are effective in preventing root surface caries. The strong suppression of S. mu-
tans indicates, that the chlorhexidine-fluoride varnish is superior, which is also 
illustrated by the high proportion of lesions, that were hardened after one year. 
However, in view of the above shortcomings, additional studies are required 
for a better evaluation of caries inhibition by Chlorhexidine varnishes. 
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Microbial aspects of preventive 
regimes in patients with overdentures* 
H.M.A.M. Keltjens, M.J.M. Schaeken, J.S. van der Hoeven 
ABSTRACT 
The aim of this study was to test the effects of preventive regimes using fluori-
de and Chlorhexidine to prevent caries and periodontal disease in 34 patients 
with overdentures. 
The patients, who were treated with immediate overdentures, were distributed 
at random into 3 experimental groups. In these groups different gels: a placebo, 
a fluoride and a chlorhexidine-fluoride gel were tested by daily application. Su-
pragingival plaque samples from selected surfaces of two abutment teeth were 
taken at one week, and at one, three and six months after initial insertion of the 
overdenture. 
The placebo and fluoride gel influenced neither total CFU nor S. sanguis and 
A. viscosus/naeslundii counts. In the placebo group, but not in the fluoride 
group, 5. mutans levels increased significantly, indicating the caries risk invol-
ved in overdentures. 
The use of chlorhexidine-fluoride gel resulted in a long-term suppression of to-
tal CFU. Further, S. mutans was found to be selectively suppressed to below 
detection level. A. viscosus/naeslundii was initially strongly suppressed, but after 
three months a partial return of the population was noticed. 5. sanguis was rela-
tively insensitive to the chlorhexidine-fluoride gel. 
It is concluded that a daily application of a chlorhexidine-fluoride gel is effecti-
ve against plaque formation and 5. mutans on abutment teeth in overdentures. 
V.l INTRODUCTION 
The gradual resorption of alveolar bone in edentulous patients often leads to 
denture retention problems after a few years. This now resulted in a more re-
strained approach to total extraction and a renewed interest in the 100-year-
old concept of the overdenture. The teeth retained as overdenture abutments 
cause a delay in the resorption of alveolar bone (Crum and Rooney, 1978; 
Steen, 1984). As a result, abutment teeth provide support and enhance the sta-
bility of the overdenture. 
•Published in the Journal of Dental Research 66:1579-1582 (1987). 
51 
A simple method is to preserve a few teeth, which are treated endodontically 
and by crown removal. The exposed root canal is filled with an amalgam or 
composite restoration. Even in badly affected dentitions, the edentulous stage 
can thus be delayed for some years in a relatively simple way. 
It appears however, that the abutment teeth under overdentures are very sus­
ceptible to caries and periodontal diseases. Toolson and Smith (1978) found 
that after one year, about one third of the abutments had become carious when 
no special preventive means were used. A survey by Ettinger et al. (1984) over 
a period of five years, indicated an overall caries rate of 13.6 % per year and 
further showed that cast gold copings did not protect the abutment teeth 
against caries. Dolder (1961) reported a 10% incidence of caries over a two-
years' observation period in patients with overdentures retained by metal bars 
between gold copings. Caries development in the abutment teeth could only be 
partially inhibited by fluoride (Fenton and Hahn, 1978; Toolson and Smith, 
1978, 1983; Hussey and Linden, 1986). Thus, it seems necessary to develop 
additional methods to protect the abutment teeth. 
Since the main action of fluoride is on the hard tissues, it seems logical to com­
bine fluoride with antimicrobial therapy in order to protect the abutments 
against caries. The surfaces of the abutment teeth consists of polished dentin 
and some remaining cervical enamel, root dentin and root cementum. The mi­
croflora on the exposed surfaces of abutment teeth has not been studied so far. 
There is increasing evidence that, like enamel caries, Streptococcus mutans is 
also associated with root surface caries (Ellen et al., 1985; Billings et al., 1985; 
Keltjens et al., 1987) and it seems likely that this organism is also involved in 
caries of the abutment teeth. As a consequence, chemotherapy should be direc­
ted against this organism. Chlorhexidine has been found to be effective for this 
purpose (Zickert et al., 1982). Apart from its overall antibacterial effect this 
agent selectively suppressed S. mutans in the clinical situation (Emilson, 1981; 
Schaeken e/я/, 1986). 
The aim of the present study was to test the effects of regimes using fluoride 
and Chlorhexidine to prevent caries and periodontal disease in patients with 
overdentures. This part of the study deals with the effects of gels on the micro­
flora of the abutment teeth. Caries development and periodontal health of the 
abutment teeth will be dealt with in a subsequent paper. 
V.2 MATEMALS AND METHODS 
Participants and preventive regimes 
Thirty-four patients, who were to be treated with an immediate overdenture with­
out copings, participated in this study. Their mean age was 55.0 years (range 
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34.3 - 75.8 years). In each of these patients at least two teeth were selected as 
abutments and endodontic procedures were performed. Prior to insertion of 
the prosthesis, the crowns of these abutments were removed and the exposed 
root canals and caries lesions, if present, were filled with a composite restora-
tion. Other teeth were extracted where necessary, and the denture subsequently 
inserted. 
The subjects were distributed at random into 3 experimental groups: 
group 1, placebo or control group (n = 12): the treatment consisted of applica-
tion by the dentist of a 0.4% NaF gel after data recording and a daily 
application of a placebo gel by the patient; 
group 2, fluoride group (n = 12): daily application of a neutral 0.1% NaF gel 
by the patient; 
group 3, chlorhexidine-fluoridc group (n = 10): in order to eliminate S. mutans 
the dentist gave a single treatment with a neutral gel containing 5% 
Chlorhexidine plus 0.1% NaF for 5 minutes, one week after the insertion 
of the prosthesis. In addition, a daily application of gel containing 1% 
Chlorhexidine plus 0.1% NaF was performed by the patient. 
The daily-applied gels consisted of 4% methyl cellulose and 85% glycerol, in 
addition to fluoride and Chlorhexidine. A few drops of peppermint oil were ad-
ded to improve the taste. All gel treatments were started one week after the ini-
tial insertion of the ovcrdenture. The patients were instructed to put a drop of 
the gel in the prosthesis at every abutment site, and to insert the prosthesis for 
at least 30 minutes once a day. 
Bacteriological sampling 
On the day of sampling the patients were asked not to apply gel to the prosthe-
sis. 
Supragingival plaque samples were taken from two exposed root surfaces on 
abutment teeth in each subject. A baseline sample was taken at one week after 
the insertion of the prosthesis. Subsequent samples were taken at one-, thrce-
and six-months' intervals after insertion. Plaque samples were taken from stan-
dard areas of approximately 1 mm2 at defined sites on abutment teeth. 
Prior to the plaque sampling, the abutments were isolated with cotton-wool 
rolls and adherent saliva was removed by means of a wad of cotton wool. Pla-
que samples were collected with a sterile spoon excavator (Ash 153/154) and 
transferred into a vial with 1 mL of reduced transport fluid (Loesche et al., 
1972). The samples were processed in the laboratory within 15 minutes. 
Bacteriological procedures 
All samples were processed in an anaerobic chamber at 370C under an atmos-
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phere of N2, 91%, CO,, 5%; H : , 4%. They were homogenized by vortexing for 
1 mm. 'I he suspensions were serially diluted 10-told and plated onto preredu-
ced media: blood agar, TYCSB agar (van Palenstcin Helderman et α/., 1983), 
CNAC-20 agar (Ыіеп and Balccrzak-Raczkowski, 1975) and Bacto Candida 
BCG agar (Difco Laboratories, Detroit, MI) All plates were incubated in an 
anaerobic chamber, except the Bacio Candida BCG agar plates which were in­
cubated acrobically. Blood agar was used to count the total cultivable microflo­
ra. In addition Streptococcus sanguis was counted on blood agar. On this agar S 
sanguis forms large, brown-yellow, dry adherent colonies with a variable hemo­
lysis. CNAC-20 agar contains CdS04 as selective agent and was used for the 
enumeration of Actinomyces viscosus/naeslundn. The two Actinomyces species 
were counted together, because on this medium they could not be distinguished 
on the basis of colonial morphology. TYCSB served to enumerate 5. mutans. 
The selective agents in this medium arc bacitracin and sucrose. Bacto Candida 
BCG agar is a selective medium for Candida species, with neomycin as a selec­
tive agent. AH species were counted on the basis of colonial morphology. 
In cases of doubt, colonies were isolated on blood agar for identification. All 
isolates were first checked for cellular morphology by Gram-stain. Isolates 
from sucrose agar (TYCSB) were tested for their ability to ferment sucrose, 
manmtol and sorbitol, to produce ammonia from arginine; and to hydrolyze es-
cuhn. Isolates from blood agar with a 5. sanguis type of colonial morphology 
were identified with the same set of tests. Isolates from CNAC-20 agar were 
identified with the АРПОА* (anaerobes) system (API system, SA. Montahcu-
Vercicu, France). Colonies from Bacto Candida BCG agar were identified as 
Candida species by cellular morphology using phase-contrast microscopy. 
Statistical procedures 
The bacteriological counts were "'log transformed, pnor to statistical analysis, 
in order to homogenize the variances. The data were subjected to one-way ana­
lysis of variance with repeated measures for each of the counted bacterial spe­
cies as well as tor the total cultivable flora. The comparisons were made be­
tween the control group and an experimental group, and were tested with the 
method developed by Dunnett (Winer, 1971). 
V.3 RESULTS 
The gel treatments were well tolerated by all except one patient. This patient 
belonged to the chlorhexidinc-fluoridc group and complained of a burning sen­
sation and gingival irritation after gel application. After one month, this patient 
began using a gel with 0.5% instead of 1% Chlorhexidine, whereafter all com­
plaints disappeared. Because the overall data of this patient were similar to tho­
se of other individuals in the chlorhexidine-fluonde group, they were analyzed 
together. 
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Fig. 1 shows the effect of the three gel treatments on the size of the plaque 
samples from standard areas, expressed as total CFU. Whereas fluoride did not 
affect total CFU, the combination of Chlorhexidine and fluoride significantly re­
duced total viable counts on the surfaces of the abutment teeth after one, three 
and six months (p < 0.05). 
The mean numbers of S. sanguis in the chlorhexidine-fluoride group were signi­
ficantly lower than in the control group, only in the one-month samples (p < 
0.05) (Fig. 2). It is noted that in the chlorhexidine-fluoride group the decrease 
of 5. sanguis was congruent to the decrease in total CFU. 
The mean counts for A. viscosus/naeshmdii in the chlorhexidine-fluoride group 
were significantly suppressed in the samples after one month (p < 0.05) (Fig. 
3). After three months of chlorhexidine-fluoride application there was a gra­
dual return to higher levels of A. viscosus/naeshmdii. 
Log CFU 
Fig. 1. Total Colony Forming Units in plaque samples from abutment teeth of 
overdentures. 
B: Baseline, one week after initial insertion of the overdenture 
• placebo gel 
τ fluoride gel 
Δ chlorhexidine-fluoride gel 
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Fig. 2. S. sanguis in plaque samples from abutment teeth of overdentures. 
Same legend as for figure 1. 
Fig. 3. A. viscosus/naeslundii in plaque samples from abutment teeth of over-
dentures. 
Same legend as for figure 1. 
In the placebo group, there was a gradual increase of the number of S. mutans 
on the abutments (Fig. 4). After three and six months, the numbers were signi-
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ficantly higher than in the other groups (p < 0.05). In the fluoride group no 
differences between the numbers of S. mutans were noticed at different sam-
pling times. S. mutans, however, was strongly suppressed by the Chlorhexidine-
fluoride gel during the whole period (p < 0.05). After three and six months of 
gel treatment the numbers had dropped below detection level in nearly all sam-
ples. 
Log CFU 
Fig. 4. S. mutans in plaque samples from abutment teeth of overdentures. 
Same legend as for figure 1. 
The isolation frequencies of Candida species in the plaque samples of all 
groups were very low (Table 1). When isolated, the numbers were almost negli-
gible as compared with the total CFU. Only three patients, two in the placebo 
group and one in the fluoride group, showed substantial numbers of Candida 
species in several samples. The numbers remained, however, below the level of 
1% of total counts. 
V.4 DISCUSSION 
An overdenture offers some distinct advantages to the patient as compared 
with full dentures. However, clinical findings indicate that the abutment teeth 
under the overdenture are exposed to a highly cariogenic environment. No data 
are available on pH drops under overdentures. However, Zgraggen and Graf 
(1975) reported, that under a full denture a cariogenic environment is preva-
lent. This was illustrated by the extreme pH drop under the prosthesis after 
daily rinsing with a sucrose solution for 7 days. Several investigators (Toolson 
and Smith, 1978; Fenton and Hahn, 1978; Hussey and Linden, 1986) reported 
the development of a high number of decayed abutments in a relatively short 
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Table 1. Isolation frequencies of Candida species in plaque samples from abut-
ment teeth of overdentures. 
lime (in months) 
baseline 1 3 6 
placebo 2/24J 3/24 4/24 7/24 
fluoride 2/24 2/24 0/24 6/24 
chlorhexidine-fluoride 0/20 1/20 0/20 0/20 
a
 no. of times isolated / no. of samples. 
time, when no specific prevention was applied. Until now, fluoride gels have 
usually been used as a preventive measure against caries. 
Several studies reported the clinical effects of Chlorhexidine (Löe and Rindom 
Schiott, 1970; Dolles and Gjermo, 1980; Emilson, 1981; Zickcrt et al., 1982; 
Schaeken et al., 1986), used daily at concentrations ranging from 0.2 to 2%. 
Because we were dealing with a highly cariogenic environment, we decided to 
use the relatively high Chlorhexidine concentration (1%) in the gel. Fluoride 
was added to the gel for additional caries prevention. Combinations of fluoride 
and Chlorhexidine have shown to have additive inhibitory effects on acid pro-
duction by S. mutans and S. sanguis (McDcrmid et al, 1985). 
The results of our study indicated that the experimental gel effectively sup-
pressed the accumulation of bacteria on abutment teeth. This was not surpris-
ing because Chlorhexidine was active against a wide range of bacteria (Hennes-
sey, 1973; Emilson, 1977). 
Evans et al. (1977) reported, that Chlorhexidine inhibits the formation of in vi-
tro plaque by A. viscosus, A. naeslundii, S. mutans or 5. sanguis. These species 
constitute a large part of the plaque flora on all tooth surfaces (Bowden et al, 
1979), but also of the flora on the inner surface of full dentures (Theilade et 
al., 1983). 
The placebo and fluoride gels did not influence the 5. sanguis and A. viscosus/ 
naeslundii counts. 
In the chlorhexidine-fluoride group the numbers of S. sanguis were significantly 
lower than in the control group only at one month. The percentage S. sanguis 
in the samples at different sampling times remained unchanged, reflecting the 
relative insensitivity of this organism to Chlorhexidine (Emilson, 1977). 
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The suppression of A. viscosus/naeshmdii by the Chlorhexidine gel was in ac-
cordance with earlier results by Schaeken et al. (1986). In spite of daily gel ap-
plication, a re-establishment of A. viscosus/naeshmdii was noted after three 
months in contrast to S. mutans. Whether or not this reflects an adaptation of 
A. viscosus/naeslundii to Chlorhexidine remains to be established. 
The chlorhcxidine-fluoride gel suppressed S. mutans below detection level. 
Several other clinical studies demonstrated, that topical application of Chlor-
hexidine suppressed S. mutans (Emilson, 1981; Kristoffersson and Bratthall, 
1982). Because a lower colonisation of S. mutans usually results in less enamel 
caries (Kristoffersson et al, 1985) as well as less root surfaces caries (Ellen et 
ai, 1985), a reduction in S. mutans is likely to result in less caries of the abut-
ments. The increase in the numbers of S. mutans in the placebo group may well 
reflect the caries risk for abutments under overdentures as reported by several 
investigators (Toolson and Smith, 1978; Fenton and Hahn, 1978; Hussey and 
Linden, 1986). In the fluoride group the numbers of S. mutans remained un-
changed. This was in accordance with an earlier study of Jordan et al. (1969), 
indicating, that topical application of fluoride had no noticeable effect on the 
distribution of S. mutans in the plaque. 
The low numbers of yeasts on overdenture abutments were in agreement with 
the findings of Budtz-Jörgenscn et al. (1981) in plaque on dentures. The virtual 
absence of Candida species in the chlorhexidine-fluoride group might well be 
explained by the sensitivity of yeast to Chlorhexidine (Budtz-Jörgcnsen and 
Löc, 1972). 
In the six-months' period, only one patient complained about side-effects of the 
chlorhexidine-fluoride gel. Therefore, after the first month, this patient received 
a gel containing half the concentration of Chlorhexidine (0.5%). The effect in 
this patient was the same as that in the others of the chlorhexidine-fluoride 
group, in that use of 0.5% Chlorhexidine gel also resulted in suppression of S. 
mutans to below detection levels. It could be possible that a gel with a lower 
concentration of Chlorhexidine would have been as succcsfull as the experimen-
tal gel with 1% Chlorhexidine. However, this can only be true, when the gel is 
applied daily in a semi-closed environment, as under an overdenture where sa-
livary clearance is probably very low. 
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CHAPTER VI 
Influence of different preventive regimes 
on abutment health in overdenture 
patients* 
H.M.A.M. Keltjens, M.J.M. Schaeken, J.S. van der Hoeven, J.C.M. Hendriks 
ABSTRACT 
The aim of this study was to test the clinical effects of preventive regimes using 
fluoride and Chlorhexidine on the abutment health in patients with overdentu-
res. 34 Patients with immediate overdentures were distributed at random 
among 3 experimental groups. In these groups: a placebo gel (control), a fluori-
de gel and a chlorhcxidine-fluoride gel were tested by daily application. Pa-
tients were recalled after 1 month and thereafter at 6-months' invervals for a 
period of 2 years. Caries rates in the chlorhexidine-fluoride group were signifi-
cantly lower than in the other groups. The fluoride gel was also effective during 
the first year but almost no protection was observed at later stages. In all the 
groups pocket depth, tooth mobility and bleeding index were found to be de-
creased at one month after insertion of the overdenture. Thereafter tooth mobi-
lity increased to pre-experimental levels in all the groups. The bleeding index in 
the chlorhexidine-fluoride group decreased to insignificant levels. The pocket 
depth in the chlorhexidine-fluoride group remained below one-month values, in 
contrast to values in the other groups. Attached gingiva decreased in all the 
groups. In the chlorhcxidine-fluoride group, the plaque growth on the overden-
ture was significantly reduced. 
VI. 1 INTRODUCTION 
In patients, of whom the few remaining teeth are considered inadequate to ser-
ve as abutments for fixed or removable partial dentures, the overdenture can 
offer a preferable alternative to conventional full dentures. The advantages of 
overdentures were described repeatedly (Crum and Rooney, 1978; Brewer and 
Morrow, 1980; Basker et al, 1983). On the other hand, the overdenture intro-
duces a distinct risk for caries of the covered teeth. In several studies high ca-
ries rates of overdenture abutments were reported (Dolder, 1961 ; Toolson and 
Smith, 1978; Ettingcr et al, 1984; Hussey and Linden, 1986). 
Moreover, the long-term use of overdentures is likely to introduce periodontal 
* Submitted to the Journal of Dental Research. 
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problems (Rcitz et al., 1977; Ettinger étal., 1984). 
To improve the success of overdentures, effective prevention of caries and pe-
riodontal disease are necessary. Caries development in abutments of overden-
tures can be reduced by fluoride (Rcitz et al., 1977; Fenlon and Hahn, 1978; 
Toolson and Smith 1978, 1983; Husscy and Linden, 1986). It is to be expec-
ted, that additional chemotherapy against cariogenic microorganisms lead to an 
even higher reduction of caries. Streptococcus mutans is associated with both 
enamel and root surface caries (Ellen et al., 1985; Billings et al., 1985; Keltjens 
et al., 1987a) and probably also with caries in overdcnture abutments (Keltjens 
et al., 1987b). For the suppression of S. mutans, Chlorhexidine is the agent of 
choice. The caries reducing effects (Zickert et al., 1982) and the selective sup-
pression of S. mutans in clinical situations (Emilson, 1981; Schaeken et al., 
1986) are well known. Besides, Chlorhexidine is effective against a wide range 
of bacteria (Hennessey, 1973; Emilson, 1977) and inhibits the development of 
plaque and gingivitis (Löe and Rindom Schiott, 1970; Axelsson and Lindhe, 
1987). 
The aim of the present study was to test the effects of regimes, using fluoride 
and Chlorhexidine, to prevent caries and periodontal disease in patients with 
overdentures. The effects of these agents on the microbiology of plaque on 
abutment teeth are reported in a separate paper (Keltjens et al., 1987b). 
VI.2 MATERIALS AND METHODS 
Participants and preventive regimes 
In this study 34 patients participated, 20 women and 14 men. Their mean age 
was 55.0 years (range 34.3-75.8). They were to be treated with an immediate 
overdcnture without copings. In each of these patients at least two teeth were 
selected as abutments and endodontic procedures were performed. Prior to the 
insertion of the prosthesis, the crowns of these abutments were removed and 
the exposed root canals and caries lesions, if present, were filled with a compo-
site restoration. Other teeth were extracted where necessary and the denture 
was inserted subsequently in the period from February 1985 till February 
1986. 
The subjects were distributed at random into 3 experimental groups: 
group 1, placebo or control group (n = 12): the treatment consisted of applica-
tion by the dentist of a 0.4% NaF gel after data recording and a daily 
application of a placebo gel by the patient; 
group 2, fluoride group (n = 12): daily application of a neutral 0.1% NaF gel 
by the patient; 
group 3, chlorhexidine-fluoride group (n = 10): in order to eliminate S. mutans 
the dentist gave a single treatment with a neutral gel, containing 5% 
Chlorhexidine plus 0.1% NaF for 5 minutes, at one week after the inscr-
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tion of the prosthesis. In addition, a daily application of a gel containing 
1% Chlorhexidine plus 0.1% NaF was performed by the patient. 
The gels consisted of 4% methyl cellulose and 85% glycerol, in addition to 
fluoride and Chlorhexidine. A few drops of peppermint oil were added to im-
prove the taste. All gel treatments were started at one week after the initial in-
sertion of the overdenture. The patients were instructed to put a drop of the gel 
in the prosthesis at every abutment site, and to insert the prosthesis for at least 
30 minutes once a day. 
In the course of the study the majority of patients in the chlorhexidine-fluoride 
group complained of a burning sensation after the gel application lasting for so-
me minutes. Although no gingival irritation was observed except in one patient, 
it was decided to lower the Chlorhexidine concentration of the gel from 1% to 
0.5% for all the patients in the chlorhexidine-fluoride group after 18 months. 
Earlier trials had indicated, that a 0.5% Chlorhexidine gel was accepted even by 
children for a considerable period of time. The patient with gingival irritation 
received this 0.5% gel already after 1 month. 
The distribution of patients, overdenturcs and abutment teeth over the groups 
is presented in table 1. 
Table 2 shows the distribution of patients and the numbers of abutment teeth 
at different recall examinations. 
In 10 patients the overdentures were inserted in January and February 1986. 
The 18- and 24-months' results of these patients were not yet available. 
There were four real drop outs. One patient in the placebo group, who had ex-
tremely high caries increment during the first 6 months was switched to the 
chlorhexidine-fluoride gel and one patient of the fluoride group stopped wear-
ing the overdenture after 15 months because of functional problems. Initially 
the chlorhexidine-fluoride group consisted of 11 patients. Of one patient in this 
group, only the baseline and three-months' data were available and these were 
excluded from the study. Another patient of the chlorhexidine-fluoride group 
moved out of the region after 12 months. 
Clinical examination 
The periodontal health status of the abutment teeth was evaluated using pocket 
depth, bleeding index, mobility and attached gingiva as criteria. Pocket depth 
was determined by probing with a periodontal probe (Williams, Hu Friedy). 
For incisors, canines and premolars four separate locations were measured: 
mid-buccal, mid-lingual, mid-mesial and mid-distal. For all molars two buccal 
and for mandibular molars two lingual measurements were performed at the 
widest contour of the root in addition to the measurements of the other surfa-
ces. 
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Table 1. Distribution of patients, overdentures and abutment teeth. 
patients overdentures abutment teeth 
max. mand. max. mand. 
I С Ρ M I С Ρ M 
control 12 1 12 2 1 10 14 10 
fluoride 12 4 11 2 2 1 2 11 13 9 1 
Chlorhexidine- 10 4 9 7 2 1 2 6 1 5 9 2 
fluoride 
I: incisors P: premolars 
C: canines M: molars 
Table 2. Distribution of patients over the experimental groups at different recall 
examinations. 
time in months 
0 1 6 12 18 24 
control 12(37) 12(37) 12(37) 11(31) 7(19) 6(18) 
fluoride 12(41) 12(41) 12(41) 12(41) 8(26) 5(12) 
Chlorhexidine- 10(44) 10(44) 10(44) 10(44) 6(24) 4(15) 
fluoride 
The figures in parentheses represent the numbers of abutment teeth. Not all 
patients were investigated after 18 and 24 months, yet. 
The width of attached gingiva of the abutment teeth was determined mid-buc-
cally. The distance of the free gingival margin to the mucogingival junction mi­
nus the pocket depth was calculated. To this end, an additional pocket depth 
measurement was done at the mid-buccal surface of molars. All measurements 
were performed to the nearest 1.0 mm. 
Bleeding was estimated by probing at the middle of each abutment surface. The 
bleeding index of every abutment was expressed as the percentage of sites, 
bleeding after probing. 
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Tooth mobility was determined with a dental instrument (Ash 6) placed on the 
abutment and scored according to the following scale (Toolson et al., 1982): О, 
no detectable mobility; 1, horizontal movement not exceeding 1 mm; 2, hori­
zontal movement exceeding 1 mm; 3, both horizontal and vertical mobility. 
The plaque index of the abutment depressions in the denture was estimated. A 
drop of disclosing solution (Displaque®) was placed in every depression and 
the excess of disclosing solution was removed with water. For every depression 
a score was determined using the following scale: 0, no disclosed plaque pre­
sent; 1, only red disclosed plaque present; 2, besides red also blue disclosed 
plaque present but covering less than one quarter of the depression; 3, blue 
disclosed plaque covered one quarter to the half of the depression; 4, more 
than the half of the depression was covered with blue disclosed plaque. The 
mean value per patient was calculated and used as the plaque index. 
After the evaluation of the periodontal health status the abutments were po­
lished with polishing paste (Profylan®, Scania Dental AB, Knivksa, Sweden). 
The presence of caries was noted when softening of abutment tissue could be 
detected with an explorer or when cavitation had occurred. For every abutment 
the number and location of the carious lesions were determined. Caries lesions 
were eliminated by grinding away softened dentin followed by recontouring or 
restoring. All clinical observations and measurements were made by the same 
investigator. 
Statistical procedures 
Comparison of the number of carious abutments in the three experimental 
groups at the recall examinations was done using a chi-square test. 
For the description of the group results per period of the periodontal health 
status of the abutments an one-way Anova and a Tukey contrast test were 
used. The independent variable was experimental group (three levels). 
VI.3 RESULTS 
The numbers of carious abutments in the chlorhexidinc-fluoridc group were 
significantly lower than in the control and fluoride groups ( chi-square test; 12 
months, ρ < 0.01; 18 and 24 months, ρ < 0.05) (Tables 2 and 3). 
In the chlorhexidinc-fluoride group only one lesion was detected after 24 
months. At 12 months, also the number of carious abutments in the fluoride 
group was significantly lower as compared with the control group ( chi-square 
test, ρ < 0.01). Thereafter, in these two groups a gradual increment of carious 
abutments was noticed, resulting in a nearly equal number in both groups at 18 
and 24 months. 
The number of patients in the placebo and fluoride groups, who had no carious 
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Table 3. Caries development in abutment teeth (cumulative number). 
time in months 













lesions after 12 months, were 8 in each group, but after 24 months only 2 and 
1, respectively, remained without lesions. 
One patient in the placebo group developed caries in all the abutments already 
after 6 months. This patient received a chlorhexidine-fluoride gel and was ex­
cluded from the study after 6 months. However, it is noteworthy, that no addi­
tional lesions developed in this patient. Of one patient in the placebo group, 
two teeth were extracted because of endodontic problems. 
Table 4. Pocket depth of overdenture abutments at initial and recall exami­
nations (mean depth in mm ± standard deviation). 
lime in months 
0 1 6 12 18 24 
control 2.4 ±0.6 2.0 + 0.5 2.0 ± 0.3 2.1 ± 0.4 2.1 ±0.3 2.1 ± 0.4 
fluoride 2.8 ±0.5 2.1 ± 0.5 2.0 + 0.5 2.1 ±0.6 2.3 ± 0.4 2.4 ± 0.4 
Chlorhexidine- 2.6 ± 0.5 2.0 ± 0.5 1.7 ±0.5 1.8 ±0.5 1.7 ±0.3 1.7 ±0.4 
fluoride 
The mean pocket depth in the chlorhexidine-fluoride group was significantly 
lower than in the fluoride group at 18 and 24 months (Tukey test, ρ < 0.05), 
but not significantly different from the depth in the control group (Table 4). 
It can be noticed, that in all groups the mean pocket depth was decreased at all 
periods as compared with baseline levels. After one month a tendency to in­
crease in the placebo and more pronounced in the fluoride group was ob­
served, in contrast to a gradual decline of the pocket depth in the chlorhexi­
dine-fluoride group. 
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The mean bleeding index after probing (Table 5) in the chlorhexidine-fluoride 
group was significantly lower at all recall examinations as compared with the 
placebo and fluoride groups (Tukey test, ρ < 0.05). 
The bleeding index values during the course of the study were consistently low­
er than at baseline. Especially after the first month a sharp decline was noticed. 
In the chlorhexidine-fluoride group the bleeding index subsequently drop­
ped to insignificant levels. This drop did not occur in the placebo and fluoride 
groups. 
Table 5. Bleeding index of overdenture abutments at initial and recall exami­
nations (mean percentage of positive observations ± standard deviation). 
time in months 
0 1 6 12 18 24 
control 36.0 ±32.0 15.9 ±17.3 12.2 ±15.2 23.9 ±29.3 22.9 ±14.9 23.6 ±19.3 
fluoride 38.4 ±24.1 16.1 ± 14.1 23.8 ±21.2 22.7 ±16.0 24.7 ±11.3 16.7 ± 5.1 
chlorh.- 26.1 ±21.0 9.4 ±11.2 6.3 ±10.8 2.9 ± 6.2 6.8 ± 9.4 0.9 ± 1.8 
fluoride 
Table 6. Mobility of overdenture abutments at initial and recall examinations 
(mean value ± standard deviation). 
time in months 
0 1 6 12 18 24 
control 0.7 ±0.4 0.5 ±0.4 0.7 ± 0.4 0.8 ± 0.4 0.9 ± 0.4 0.9 ± 0.3 
fluoride 0.9 ±0.4 0.5 ± 0.4 0.8 ± 0.4 0.7 ± 0.3 0.6 ± 0.3 0.7 ± 0.5 
Chlorhexidine- 0.6 ± 0.6 0.4 ± 0.4 0.5 ± 0.4 0.4 ± 0.3 0.4 ± 0.4 0.5 + 0.4 
fluoride 
The mobility of the abutments in the chlorhexidine-fluoride group at all periods 
(also at baseline) was lower than in the other groups (Table 6), but only at 18 
months this difference was significant (Tukey test, ρ < 0.05). 
The mobility of the abutments decreased in all groups after one month. How­
ever, at subsequent recall examinations the mobilities had returned to the pre-
experimental values. 
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The width of attached gingiva in the control group was lower during the whole 
study than in the other groups (Table 7). Probably, due to this lower starting 
value, the difference was significant at 6 and 18 months (Tukey test, ρ < 0.05). 
All the groups showed a decrease in the width of attached gingiva during the 
study. As compared with baseline levels this decrease was equal in all the 
groups. 
Table 7. Attached gingiva of overdenture abutments at initial and recall ex­
aminations (mean value in mm ± standard deviation). 
time in months 
0 1 6 12 18 24 
control 1.4 + 0.8 1.2 ±0.8 0.7 ± 0.7 0.5 ± 0.5 0.4 ± 0.4 0.3 ± 0.4 
fluoride 2.3 ±1.4 2.2 ±1.2 1.7 ± 1.1 1.3 ±0.9 1.2 ±0.9 1.1 ±0.6 
Chlorhexidine- 1.7 ±1.1 1.7 ±1.0 1.4 ± 0.8 1.2 ± 0.9 1.4 ±0.9 1.1 ± 1.1 
fluoride 
In the chlorhexidine-fluoride group the plaque index of the denture was consis­
tently lower than that in the other groups (Table 8). These differences were sig­
nificant at 6, 12 and 24 months (Tukey test, ρ < 0.05). At the 18-months' re­
call examination no differences between the groups were observed (Anova, ρ = 
0.07). 
Table 8. Plaque index of abutment depressions in the overdenture at recall exa­























This paper describes the clinical results of a study to the effects of chemothe-
rapy in patients with overdentures. 
In this study chemotherapy consisted of daily application of gels containing flu-
oride or fluoride plus Chlorhexidine. The effects of gel treatment on the micro-
flora of the abutment teeth was reported separately (Keltjcns et al, 1987b). 
Caries development under overdentures has been well documented now (Reitz 
et al, 1977; Toolson and Smith, 1978, 1983; Fenton and Hahn, 1978; Davis et 
al, 1981; Ettingcr et al, 1984; Hussey and Linden, 1986). The caries rate in 
the control group, 27% of the abutments after one year, resembles the rates in 
patients not using additional prevention, as reported in other studies (Toolson 
and Smith, 1978; Hussey and Linden, 1986). These results indicate, that the 
environment under an overdenture is highly cariogenic and that, for the reten-
tion of overdenture abutments on the long-term, chemotherapeutic regimes re-
ducing this cariogenic effect are necessary. 
The data show a strong caries inhibitory effect of the chlorhexidine-fluoride 
gel. The fact that after 2 years only one lesion in the chlorhexidine-fluoride 
group had developed, indicated the effectiveness of the gel in reducing caries. 
This result was in accordance with the microbiological effects, in which we 
found that this gel treatment was effective against plaque formation and result-
ed in a strong suppression of 5. mutans in particular. 
In our study the effect of the fluoride gel was relatively low. Initially, this gel re-
sulted in a significant caries inhibition compared to the placebo gel, but after 
18 and 24 months this effect had disappeared. The NaF concentration in our 
fluoride gel was lower than in other studies (Reitz et al, 1977; Renner et al, 
1983; Toolson and Smith, 1983). In these studies a higher caries reduction was 
achieved than in our fluoride group. 
Ettinger et al. (1984) and Hussey and Linden (1986) reported yearly caries 
rates of about 10% in patients, only using fluorides. This rate is still higher than 
the rates in our chlorhexidine-fluoride group. 
Caries development may differ markedly between the patients within a group. 
In the control group two patients remained caries free for the two-years' peri-
od. Also Toolson and Smith (1978) found, that patients belonged to caries sus-
ceptible or caries resistant groups. 
The periodontal health status of the abutments changed after the insertion of 
the overdenture. In all the groups pocket depth, bleeding index and mobility 
had improved after one month, compared to baseline values. The improved pe-
riodontal health was likely to be due to better oral hygiene, as a result of re-
duction of remaining teeth to dome shaped abutments and the extraction of ad-
jacent teeth. The reduced mobility, partly due to the more favourable crown-
root ratio after abutment reduction, was nullified after some months, probably 
by forces exerted by the overdentures on the abutments. Also no difference in 
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mobility was reported by Toolson and Smith (1983) in a 5-years' study, while 
Renner et al. (1984) and Davis et al. (1981) found rather a small decrease after 
four and two years. 
In contrast to the two other groups, the bleeding index in the chlorhexidine-flu-
oride group decreased to very low levels. Moreover, in the latter group the 
mean values of the pocket depth remained low at the recall examinations. The 
low values of these two scores reflect the strong suppression of the microflora 
on the abutment teeth by the chlorhexidine-fluoride treatment (Keltjens et al, 
1987b). The absence of significant effects of overdentures on pocket depth was 
reported in several studies (Renner et al, 1984; Graser and Catón, 1983; Tool-
son and Smith, 1983). 
An increase of the bleeding index was noticed in earlier studies of Davis et al 
(1981) and Renner et al. (1984). All the above mentioned studies did not use 
antimicrobial therapy, but mostly only fluorides. 
The decrease of the attached gingiva in all groups is in agreement with studies 
of Davis et al. (1981) and Toolson and Smith (1983), but in our study the de-
crease was more pronounced. No differences were found in some other studies 
(Gräser and Caton, 1983; Renner et al, 1984). 
It is noted, that only in studies of longer duration and a high number of pa-
tients, a high incidence of periodontal disease was reported (Reitz et al, 1977, 
1980; Ettinger et al, 1984). Generally, in most studies no or only a few differ-
ences were found in the criteria, related to determine periodontal health (Fen-
ton and Hahn, 1978; Davis et al, 1981; Toolson et al, 1982; Gräser and Ca-
ton, 1983; Toolson and Smith, 1983; Renner et al, 1984). 
In summary, the results of the chlorhexidine-fluoride treatment contrast favour-
ably with the control and fluoride groups in several aspects. The lower plaque 
index of the denture, the lower bleeding index, the reduction in pocket depth in 
combination with the microbiological results (Keltjens et al, 1987b) indicate 
successful protection against periodontal disease. The caries inhibition by the 
chlorhexidine-fluoride gel observed in this study is the most important clinical 
effect. 
The long-term use of gel containing 1% Chlorhexidine caused burning sen-
sations in most patients. Therefore, after 18 months we decided to reduce the 
concentration of Chlorhexidine to 0.5%. The effectiveness of this gel remains to 
be demonstrated, yet. 
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CHAPTER VII 
Final conclusions and 
recommendations 
In the course of the last 10 years, increasing knowledge about root surface ca-
nes has been acquired In the present thesis studies were focused on the micro-
bial etiology and the prevention of root canes 
Regarding diagnosis of root surface canes, there is still some uncertainty in 
diagnostic entena The difficulties encountered in this respect are illustrated by 
the fact, that during the course of this study the entena of Katz (1984), used in 
our study, were partly changed (Katz, 1986) This indicates that studies on root 
surface caries are still awaiting confirmation Today it is well accepted, that on-
ly surfaces at nsk are to be considered 
Root surface canes occurred at a substantial rate in patients surgically treated 
for penodonlal disease, despite the fact that these patients performed adequate 
oral hygiene The positive correlation between root canes index (RCI) and sali-
vary S mutans counts suggests, that these counts can be applied usefully as an 
indicator to predict root surface canes This would mean that in patients, who 
will be surgically treated for advanced periodontal disease, estimation of the sa-
livary S mutans levels ought to be performed routinely, to assess the need for 
individual intensity of preventive measures 
Because microbiological analyses of plaque samples point to a major role of S 
mutans in root surface canes, the etiologies of root surface and enamel canes 
are likely to be very similar For that reason prevention of root surface and 
enamel canes should be conducted along the same lines A first approach for 
the prevention of root surface caries has been made in this study In patients, 
surgically treated for periodontal disease, varnishes with fluonde or with fluon-
de and Chlorhexidine were applied to protect the root surface and to suppress 
S mutans The chlorhexidine-fluonde varnish suppressed S mutans on canous 
surfaces in contrast to the fluonde varnish Both varnish treatments resulted in 
a reduction of root surface caries Since the experimental groups were not ba-
lanced adequately with respect to canes activity, studies including groups of pa-
tients balanced in salivary S mutans levels, surfaces at nsk, RCI and age should 
be performed to test such preventive regimes more extensively Nevertheless, in 
patients at nsk for root surface canes, the application of varmshes can be advi-
sed on the basis of the results available so far 
Clinical tests of preventive measures are hampered by the relatively slow rate 
of root canes development Therefore, preventive regimes using fluonde and 
Chlorhexidine were tested in overdenture patients Several studies have indica-
ted that in these patients canes development is fast and rates of canes incre-
ment are very high The application of a chlorhexidine-fluonde gel resulted in a 
very pronounced canes inhibition and a positive effect on penodonlal health of 
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abutment teeth. The two-years' results of all of these patients are not yet availa-
ble, but it seems justified to state that chlorhexidine-fluoride gels should be re-
commended for the prevention of caries and periodontal disease in patients 
with overdentures. 
For daily long-term application in overdenture patients a 0.5% concentration of 
Chlorhexidine is advised to avoid side effects, such as a burning sensation after 
application. A 0.1% fluoride concentration in the chlorhexidine-fluoride gel is 
to be maintained, because the stability of the gel will be diminished by a high-
er concentration of fluoride and the effect of a lower concentration of fluoride 
will probably be insufficient. 
Further research should concentrate on the evaluation of antimicrobials with-
out side effects and on more sophisticated procedures to apply these agents. 
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Summary 
The investigations described in this thesis were aimed at studying the microbio-
logy of root surface caries and the caries-preventive effects of chemotherapy. 
The studies were performed in patients, who had undergone periodontal surge-
ry and patients with overdentures. Both groups run a high risk to develop root 
caries. 
In chapter I a general introduction is given on root surface caries. A number of 
recent epidemiological studies are described, revealing that root surface caries 
is present in a substantial percentage of subjects in diverse populations. The re-
sults of different studies cannot be compared without restrictions because of 
lack of uniform methods. The use of generally accepted diagnostic criteria and 
the use of the root caries index (RCI) could solve most problems. Further, an 
overview is given of the microbial etiology of root caries in man and animals. 
Different types of bacteria were found to initiate root surface caries in animals. 
In plaque samples from root surfaces in man, a variety of bacteria could be iso-
lated, that might be associated with root surface caries. In early studies, atten-
tion was focused on filamentous bacteria, but in recent publications the invol-
vement of Streptococcus mutans was documented. Some studies indicate, that 
diet, fluoride treatment and surface smoothing are important factors in the pre-
vention of root surface caries. 
Chapter II deals with the prevalence of root surface caries in patients surgically 
treated for periodontal disease. Moreover, some relating factors were analyzed. 
The overall RCI, according to Katz, was 6.28% with a low caries rate in the in-
cisors of the lower jaw. Groups of root surfaces, divided according to surgical 
treatment and length of exposure, showed no significant differences in RCI. 
The RCI did not correlate with the DFS-index. The RCI increased with age, 
but in older people more time had elapsed between periodontal treatment and 
the clinical examination than in younger age groups. Salivary 5. mutans counts, 
or the combination of 5. mutans and lactobacilli counts were good indicators 
for the presence of root surface caries. 
Chapter III describes a study of the microflora of plaque from sound and ca-
rious root surfaces. Samples were analyzed for the presence of Streptococcus 
sanguis, S. mutans, Actinomyces viscosus/naeslundii, Lactobacillus and Capno-
cytophaga species. Plaque from soft carious surfaces contained significantly 
higher numbers of S. mutans than samples from sound surfaces, while the num-
bers of hard carious and sound surfaces were similar. From these data it can be 
concluded, that 5. mutans is associated with root surface caries. This means, 
that the microbial etiology of enamel caries and root caries are very similar. 
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In chapter IV, fluonde and chlorhexidine-fluonde varnishes were tested in pe-
riodontal patients, for their effect on plaque microflora and progression of root 
surface canes The varnishes were applied at three-months' intervals The 
chlorhexidine-fluonde varnish suppressed S mutans levels on canous root sur-
faces and in saliva The fluonde varnish did not influence the microbial counts 
in sahva or plaque Both varnishes reduced the total number of new carious or 
restored root surfaces When hardening or softening were used as entena of 
progression, less progression of the lesions was found in patients treated with 
the chlorhexidine-fluonde varnish 
Preventive regimes using fluonde and Chlorhexidine were also tested in patients 
with immediate overdentures 
Chapter V reports on the effects of a daily gel treatment on the microflora The 
use of a chlorhexidine-fluonde gel resulted in a long-term suppression of total 
viable counts in the plaque on abutment teeth Moreover, S mutans was selec-
tively suppressed below detection level in supragingival plaque samples from 
selected surfaces of abutment teeth Initially, A viscosus/naeslundu was strongly 
suppressed but after three months a partial return was noticed S sanguis was 
found to be relatively insensitive to the chlorhexidine-fluonde gel In patients, 
receiving a placebo gel, S mutans levels in plaque samples increased signifi-
cantly over the observation penod The fluonde gel did not influence the mi-
crobial composition of plaque. 
In chapter VI the clinical effects of preventive regimes using fluonde and Chlor-
hexidine on abutment health are desenbed Daily use of chlorhexidine-fluonde 
gel inhibited caries progression almost completely over a two-years' period 
The fluonde gel was only effective against canes dunng the first year, but after-
wards, almost no protection was observed In all the groups pocket depth, 
tooth mobility and bleeding index were found to be decreased at one month af-
ter insertion of the overdenture Thereafter, tooth mobility increased to pre-ex-
penmental levels in all the groups. The width of the attached gingiva decreased 
in all the groups The chlorhexidine-fluonde gel had a favourable effect on the 
bleeding index, pocket depth and the plaque index 
The investigations, described in this thesis demonstrate that chemotherapy 
against 5 mutans in combination with fluonde, is effective in the prevention of 
root surface canes 
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Samenvatting 
Het doel van het in dit proefschrift beschreven onderzoek was om de micro-
biologie van wortclcariës te onderzoeken en om het effect van cariës-preventie 
door middel van chemotherapie te bekijken. Het onderzoek werd verricht bij 
twee groepen patiënten, namelijk patiënten die een uitgebreide parodontologi-
sche behandeling hadden ondergaan, waaronder parochirurgie en patiënten met 
een overkappingsprothese. 
In hoofdstuk I wordt een algemene inleiding gegeven over wortelcariës. Uit re-
cente epidemiologische studies blijkt dat wortelcariës voorkomt bij veel oude-
ren en bij een aanzienlijk percentage personen van middelbare leeftijd. Het ver-
gelijken van de resultaten van onderzoeken wordt echter bemoeilijkt door de 
verschillen in methodologie tussen de studies. Deze problemen zouden voorko-
men kunnen worden door het gebruik van uniforme criteria voor de identifica-
tie van wortclcariës en door het toepassen van de wortelcariës-index. 
Een historisch overzicht wordt gegeven van onderzoek dat betrekking heeft op 
de microbiële etiologie van wortelcariës bij mensen en proefdieren. Verschil-
lende soorten bacteriën initieerden wortelcariës bij proefdieren. Bij mensen 
werden uit plakmonsters van worteloppervlakken diverse soorten bacteriën geï-
soleerd, die geassocieerd werden met de ontwikkeling var wortelcariës. In het 
begin werd het onderzoek vooral gericht op filamentvormige bacteriën, zoals 
Actinomyces viscosus. Recente onderzoeken suggereren dat Streptococcus mu-
tans bij wortelcariës is betrokken. Een aantal onderzoeken tonen aan dat het 
dieet, het fluoride gebruik en het gladmaken van aangetaste worteloppervlak-
ken belangrijk zijn bij de preventie van wortelcariës. 
Hoofdstuk II is een onderzoek naar het vóórkomen van wortelcariës bij patiën-
ten die parochirurgisch zijn behandeld en naar factoren die correleren met de 
prevalentie van wortelcariës. In 6.28% van de blootliggende worteloppervlak-
ken (wortelcariës-index volgens Katz) was wortelcariës aanwezig, waarbij de 
prevalentie in het onderfront gering was. Tussen verschillende groepen wortel-
oppervlakken, verdeeld naar parodontologische behandeling en lengte van ex-
positie, bestonden geen verschillen in wortelcariës-index. Geen positieve corre-
latie was aanwezig tussen wortelcariës en glazuurcariës. De wortelcariës nam 
toe met de leeftijd, maar bij oudere personen was het tijdstip van de parodon-
tale behandeling langer geleden dan bij jongere. Een positieve correlatie werd 
gevonden tussen de aantallen S. mutans in het speeksel en wortelcariës of tus-
sen een combinatie van S. mutans en lactobacillen aantallen in het speeksel en 
wortelcariës. 
In hoofdstuk III wordt een onderzoek beschreven naar de microbiële etiologie 
van wortelcariës. Plak van gave en carieuze worteloppervlakken werd geanaly-
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seerd op de aanwezigheid van Streptococcus sanguis, S. mutans, Actinomyces 
viscosus/naeslundii, Lactobacillus en Capnocytophaga soorten. Plakmonsters van 
zacht-carieuze worteloppervlakken bevatten significant hogere aantallen S. mu-
tans in vergelijking tot monsters van gave worteloppervlakken. De aantallen S. 
mutans in de monsters van hard carieuze en gave oppervlakken waren nage-
noeg gelijk. Uit deze resultaten kan worden geconcludeerd dat S. mutans is 
geassocieerd met wortelcariës. Dit zou betekenen dat de microbiële etiologie 
van glazuur- en wortelcariës een grote overeenkomst vertonen. 
Hoofdstuk IV beschrijft een onderzoek naar de invloed van een fluoride en een 
chloorhexidine-fluoridevernis op de microflora en cariës progressie van wortel-
oppervlakken bij parochirurgisch behandelde patiënten. De vernissen werden 
om de drie maanden aangebracht. De chloorhexidine-fluoridevernis onderdruk-
te het aantal S. mutans op carieuze worteloppervlakken en in het speeksel. De 
fluoridevernis had geen invloed op de onderzochte microflora van speeksel of 
plak. Beide vernissen gaven een reductie van de totale aantallen nieuw carieuze 
en nieuw gerestaureerde worteloppervlakken, vergeleken met een controle 
groep waarbij geen vernis werd aangebracht. Indien als criterium voor progres-
sie de verharding of verweking van de wortelcariës laesie wordt gebruikt, dan 
was de minste progressie aanwezig in patiënten die met de chloorhexidine-fluo-
ridevernis werden behandeld. 
Voor de preventie van cariës en parodontopathieën werden bij patiënten die 
een immediaat overkappingsprothese kregen gels toegepast, die fluoride en 
chloorhexidine bevatten. 
In hoofdstuk V wordt beschreven welke invloed het dagelijks gebruik van deze 
gels heeft op de supragingivale plakflora van worteloppervlakken van pijlerele-
mentcn voor de overkappingsprothese. Het gebruik van de chloorhexidine-
fluoride gel gaf een langdurige reductie van de plak op de pijlerelementen. Bo-
vendien werd S. mutans selectief onderdrukt tot onder het detectie-niveau. 
Aanvankelijk werd ook een sterke onderdrukking van A. viscosus/naeslundii 
waargenomen maar na drie maanden werd weer een gedeeltelijke toename ge-
constateerd. S. sanguis bleek relatief ongevoelig voor de chloorhcxidine-fluori-
de gel. In de plakmonsters van patiënten die een placebo gel gebruikten werd 
een toename gevonden van S. mutans. De fluoride gel had nauwelijks invloed 
op de microbiële samenstelling van de plak. 
In hoofdstuk VI wordt het effect van de gels op de tandheelkundige gezond-
heid van pijlerelementen weergegeven. Het dagelijks gebruik van de chloorhexi-
dine-fluoride gel voorkwam volledig het ontstaan van cariës in de pijlerelemen-
ten gedurende twee jaar. De fluoride gel gaf alleen het eerste jaar een cariës-
remming. Vergeleken met de beginwaarden, had een maand na het plaatsen 
van de overkappingsprothese in alle groepen een afname plaats gevonden van 
de pocketdiepte, mobiliteit van de pijlerelementen en gingivale bloedingsindex. 
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In alle groepen werd daarna een toename van de pijlermobiliteit waargenomen 
tot de initiële waarden. In alle groepen was een afname te zien van de breedte 
van de aangehechte gingiva. De chloorhcxidine-fluoride gel had een positieve 
invloed op de bloedingsindex, pocketdiepte en plakindex. 
De in dit proefschrift beschreven onderzoeken tonen aan dat chemotherapeuti-
sche middelen ter onderdrukking van S. mutans in combinatie met fluoride, lei-




De auteur van dit proefschrift werd geboren op 9 juli 1949 te Helden. Hij be­
zocht het Pius ΧΠ college te Deurne en slaagde voor het examen HBS-B in 
1966. Hij studeerde tandheelkunde aan de Katholieke Universiteit te Nijmegen 
en slaagde in juli 1971 voor het doctoraal-examen. Op 27 april 1972 werd het 
tandartsdiploma behaald. 
Op 16 augustus 1972 trad hij in dienst als hoofdinstructeur op de afdeling Pro-
thetische Tandheelkunde van de Katholieke Universiteit te Nijmegen (hoofd: 
Prof. J.O.F.C. von Jessen). Vanaf 1973 tot heden is hij tevens werkzaam in een 
extra murale praktijk (in samenwerking met Dr. A.H.B.M. Vermeulen). 
Bij de herstructurering van de restauratieve afdelingen trad hij per 1 september 
1976 als wetenschappelijke medewerker in dienst van de afdeling Occlusie-op­




behorende bij het proefschrift 
MICROBIOLOGY AND PREVENTIVE TREATMENT 
OF ROOT SURFACE CARIES 
H.M.A.M. KELTJENS 
15 januari 1988 
1. Om de resultaten van epidemiologisch onderzoek naar tandwortel-
cariës te kunnen vergelijken, dienen - naast de gebruikte criteria 
voor identificatie - de verdeling van gebitselementen en blootlig-
gende worteloppervlakken te worden vermeld. 
2. Het feit dat S. mutans in verhoogde aantallen wordt aangetroffen 
op carieuze tandworteloppervlakken, wijst er op dat deze bacterie, 
evenals voor glazuurcariës, een belangrijke eliologische factor is 
voor het ontstaan van wortelcariës. 
3. Patiënten met een verhoogd risico voor tandwortelcariës kunnen 
worden geïdentificeerd met een telling van S. mutans in het speek-
sel; dergelijke patiënten komen in aanmerking voor antimicrobiële 
behandeling gericht tegen S. mutans. 
4. Voor de tandarts is het zuur dat er in Nederland zoveel weerstand 
tegen de tandheelkunde bestaat; daarentegen is het voor het wortel-
oppervlak zuur dat er slechts een beperkte weerstand tegen zuurin-
werking bestaat. 
5. De overkappingsprothese kan langer functioneren wanneer de pij-
lerelementen regelmatig worden behandeld met een chloorhexidi-
ne-fluoride gel. 
6. In samenwerking tussen onderzoekers en bedrijfsleven zouden 
thans antimicrobiële middelen op de markt kunnen worden ge-
bracht tegen cariës en parodontale aandoeningen. 
7. Als in Nederland de bezuinigingen op het tandheelkundig zieken-
fondspakket doorgang vinden, ontstaat over een aantal jaren een 
ideaal klimaat voor cariësonderzoek. 
8. Indien de factor „de potentiële pijlerelementen zijn gaaf' als hoofd-
argument wordt gebruikt bij de keuze tussen een frameprothese en 
brugwerk, is het bezitten van carieuze en gerestaureerde elementen 
een geluk bij een ongeluk. 
9 De commercie, ontstaan rond het begnp „esthetische tandheelkun-
de", zet vele tandartsen onder druk om therapieën toe te passen, 
die nog niet voldoende zi|n geëvalueerd. 
10. De noodzaak om de natuurlijke dentine te behouden leidt vaak de 
aandacht af van het feit dat ook door genchte extracties gebitsbe-
houd kan worden bevorderd 
11. Dat veel Nederlanders een rood verkeerslicht negeren, komt omdat 
ze zich groen (en geel) ergeren aan de wijze waarop men probeert 
met verkeerslichten het verkeer te regelen. 
12. De in 1987 gekozen oplossing van het parkeerprobleem bij de sub-
faculteit Tandheelkunde te Nijmegen is als te drastisch te kwalifice-
ren. 



